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® Heterocyclic analogs ol mevalonolaetone and derivatives thereol, processes lor their production and their use i 
pharmaceuticals. 



I Compounds of formula 
Rc .Rb 





wherein 

Ra is a group -X-Z. Rb is R 2 . Rc is R 3 . Rd is R 4 and Y is a group 
-N- or 
I 

«1 

Ra is Ri, Rb is a group -X-Z. Rc is R2, Rd is Rs and Y is O. S or a 
group -N-; 

r,, R 2t R 3 , and R4 independently are Ci-ealkyi not containing 
an asymmetric carbon atom. Ca.ycycloalkyt or a ring 



or in the case of R3 and R4 additionally hydrogen, or for Ra 
when Y is 0 or S 



£ = c 



«18 



vR 



19 



whereby R17 is hydrogen or Ci-3alkyl and Ris and R19 are 
independently hydrogen Ci-3alkyl or phenyl; each R5 is 
independently hydrogen. Chalky!, n-butyl, i-butyl. t-butyl, 
Cioaikoxy. n-butoxy. i-butoxy. trifluoromethyl, fluoro. chloro. 
bromo, phenyl, phenoxy or benzyloxy ; each Re is independently 
hydrogen. Ci^alkyl. Cioaikoxy. trifluoromethyl. fluoro. chloro. 
bromo. phenoxy or benzyloxy, and each R7 is independently 
hydrogen. Ci.aalkyl. Ci-aalkoxy. fluoro or chloro. 
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Z is -CH-CH 2 -C-CH,-COOH u 
°« OB 

wherein R 9 is hydrogen or C,. 3 alkyl 
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Description 

HETEROCYCLIC ANALOGS OF MEVALONOLACTONE AND DERIVATIVES THEREOF, PROCESSES FOR 
THEIR PRODUCTION AND THEIR USE AS PHARMACEUTICALS 

The present invention concerns heterocyclic analogs of mevalonolactone and derivatives thereof, 
processes for their preparation, pharmaceutical compositions containing them and their use as 
pharmaceuticals especially as agents for treating hyperlipoproteinemia and atherosclerosis. 

More particularly the invention concerns compounds of formula I 

RC ,Rb 



15 wherein 

Ra Is a group -X-Z, Rb is R2. Rc is R3, Rd is R 4 and Y is a group -N- or 
Ra is Ri, Rb is a group -X-Z, Rc is R2, Rd is R3 and Y is O, S or a group 

k 



A 

Ri, R2, Ra and R4 independently are Ci-ealkyl not containing an asymmetric carbon atom, C3-7cycloa!kyl or { 
ring 




or in the case of R3 and R4 additionally hydrogen, or for R 3 when Y is O or S 



* *L7 Rr 19 

whereby R17 is hydrogen or Ci.3alkyl and Rib and R19 are independently hydrogen Ci-3alkyl or phenyl; each 
Rs is independently hydrogen, Ci-3alkyl, n-butyl, i-butyl, t-butyl, Ci-3alkoxy, n-butoxy, i-butoxy, trifluoro- 
40 methyl, fluoro, chloro, bromo, phenyl, phenoxy or benzyloxy; each Re is independently hydrogen. Ci-salkyl, 
Ci.3alkoxy, trifluoromethyl, fluoro, chloro, bromo, phenoxy or benzyloxy, and each R7 is independently 
hydrogen, Ci-2alkyl, Ci-2alkoxy, fluoro or chloro, with the proviso that there may only be one each of 
trifluoromethyl, phenoxy or benzyloxy in each ring A present. X is (CH2)m or (CH 2 ) q CH = CH-(CH2)q, m is 0, 
1, 2 or 3 and both q's are 0 or one is 0 and the other is 1, 



b 



Z is -CH-CH -C-CH -COOH II 

1 2 | 2 

OH OH 



wherein R9 is hydrogen or Ci-3alkyl, 
in free acid form, or in the form of an ester or 8-lactone thereof or in salt form as appropriate. 

Suitable esters include physiologically acceptable esters e.g. physiologically hydrolysable and -acceptable 
esters. 

55 By the term "physiotogically-hydrolysable and -acceptable ester is meant an ester of a compound in 
accordance with the invention in which the carboxyl moiety if present is esterified, and which is hydrolysable 
under physiological conditions to yield an alcohol which is itself physiologically acceptable, e.g. non-toxic at 
desired dosage levels. For the avoidance of doubt, throughout this specification it is the right hand side of the 
X radical that is attached to the Z group. Preferred such acids, esters and salt forms as Z can be represented 

& together with the free acid by formula a 
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h 

CH-CH 2 -C-CH 2 -COOR 
« OH 



Ol 
wherein 

Rg is hydrogen or Ci- 3 aJkyl and 

~ 9e : a physio, ° 9ica,,y ~- *-» — « <— % ™ 

When 2 ,s ,n iactone form it forms a 6-iacfone of formula b 




an SaIts e o r f Z t0 ■ ,aCt0ne " hereinafter refer ««» 8-.actones 
bafts of the comoounHc rt f *k« : UIUI,BS ' 



T 

1 IB E 4 IC id 



The resulting eight sub-groups are designated as farm^ 9 .a^,/ 1 °' 3 9roup of f °rmula b (sub-group "b'l 

(enant.omers) of each compound (twT racemes or «t ^ 'V™ Centres) ,0 four stereoisomfc fonns 
^™9°^twosuchcen^^ ln Purred compSs 

the other is^RSTso^aTiy J compounds £ SK"" "Tf*" 3 " ai »* «*on atom and 
hydrogen or Cl . 6 aikyl not containing an aslmetl c^boS l^"" 6 °V 3 a " d R < is a Rin 9 A ««d the otheMs 
P eferably hydrogen except that R 4 in compounds fc ^JrZl'T't* hydrogen or C '-* al M and moS 
each of ,h! S °L b0th PreCedin9 sentenc es oSTSJiSSSS^SL^ hydr ° 9en - More P r£ * erat %- S 

ortho to each other. AIso P-*^ 
In Formula IB: 



?5 



e, t . :;:"I ,u ,c,crone Hereinafter refer to 6-lactones 
iaalts of the compounds of the invention * „ 
pharmaceuticaiiy acceptable salts. Sue X2^^22? ^J 0 ™"* inc,ude in P^u.ar their 
l£LSr te " ,d P ° taSSiUm Sa,tS — - SoS tab ' e Sa ' ,S inClUde e "9- — -etal saJts sue 
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4-fluorophenyl; or 

Ri is preferably RiBy, where RiBy is Ci-ealkyl not containing an asymmetric carbon atom, more preferably 
Rj By, where Rj By is Ci-4alkyl not containing an asymmetric carbon atom, and most preferably i-propyl. 

R2 is preferably R2Bx, where R2Bx is Ci-ealkyl not containing an asymmetric carbon atom, more preferably 
5 R2 Bx. where Rj bx is Ci-aalkyl not containing an asymmetric carbon atom, and most preferably i-propyl, or 

R2 is preferably R2By. where R2By is Ring A, more preferably R2 By, where R2 By is Ring A wherein R 5 is 
R' 5 , Re is R'e. and R7 is R 7, even more preferably R2 By, where R*A By is Ring A wherein R5 is R's. R6 is R"6 
and R7 is hydrogen, and most preferably phenyl, 4-fluorophenyl or 3.5-dimethylphenyl, especially 
4-fluorophenyl. 

10 R 3 is preferably R3BX, where R3Bx is hydrogen or Ci-ealkyl not containing an asymmetric carbon atom, more 
preferably R3 bx, where R3 bx is hydrogen or Ci-2alkyl, even more preferably R3 Bx. where R3 bx is 
hydrogen or methyl, and most preferably hydrogen; or 

R3 is preferably R3By. where R3By is Ring A, more preferably R3 By. where R3 By is Ring A wherein R is R'5 , 
R6 is R'6, and R7 is R*7, even more preferably R3 By. where R3 By is Ring A wherein R 5 is R"5 . R6 is R" 6 , and 

15 R 7 is hydrogen, and most preferably phenyl. 

R4 is preferably RaBx, where R4BX is Ring A, more preferably R4 ex where R4 bx is Ring A wherein R5 is R5 
. Re is R'6, and R7 is R7, even more preferably R4 bx, where R4 B x is Ring A wherein R 5 is R's, R6 is R" 6 . and 
R7 is hydrogen, and most preferably phenyl; or R 4 is preferably R4By, where Raby is hydrogen or C1 -ealkyl not 
containing an asymmetric carbon atom, more preferably R4 By, where Rj By is hydrogen or Ci -2alkyl, even 

20 more preferably Rj By, where K\ By is hydrogen or methyl, and most preferably hydrogen. 

In Formulae I A, IC and ID: 

R1 is preferably Ricx. where Ricx is Ci-ealkyl not containing an asymmetric carbon atom, more preferably 
R\ ex. where R) cx is Ci-4alkyl not containing an asymmetric carbon atom, and most preferably i-propyl, or 
R1 is preferably Ricy. where Ricy is Ring A, more preferably Rj cy, where R'j cy is Ring A wherein R5 is 
R5 , R 6 is R* 6 and R7 is r' 7 , even more preferably Rj C y, where r'j cyis Ring A wherein R5 is R5 , R6 is R5 , 
and R7 is hydrogen, and most preferably phenyl, 4-fluorophenyl or 3,5-dimethylphenyi, especially 
4-fluorophenyl. 

^2 is preferably R2Cx, where R2Cx is Ring A, more preferably R*2 cx, where R2 cx is Ring A wherein R5 is 
30 r' 5 , R 6 is R 6 and R 7 is RV, even more preferably r£ ex. where R2 Cx is Ring A wherein R 5 is R"s, Re isR* , 
and R7 is hydrogen, and most preferably phenyl, 4-fluorophenyl or 3,5-dimethylphenyl, especially 
4-fluorophenyl; or 

R2 is preferably R2Cy. where R2Cy is Ci-ealkyl not containing an asymmetric carbon atom, more preferably 
R*2 cy, where Rjg cy is C1 ealkyl not containing an asymmetric carbon atom, and most preferably i-propyl. 
& . R3 is preferably R3CX, where R3CX is Ring A, more preferably Rj cx, where R3 cx is Ring A wherein R5 is 
R'5 , Re is R'6 , and R7 is R>, even more preferably Rfj cx, where K$ cx is Ring A wherein R 5 is R"s, R 6 is R" 6 , 
and R7 is hydrogen, and most preferably phenyl; or 

R3 is preferably R3Cy, where R3Cy is hydrogen or Ci-ealkyl not containing an asymmetric carbon atom, 
more preferably *3 cy, where R3 cy is hydrogen or Ci ealkyl, and even more preferably R3 cy, where R3 cv 
40 is hydrogen or methyl, especially hydrogen. 

In the compounds of formulae IA and ID, especially the former, R3cy. R3cy' and R3 Cy " include 
-CH = C(CH 3 )2- 



25 



45 



In formula IC: 

R4 is preferably R4Cx. where R4CX is hydrogen or Ci-ealkyl not containing an asymmetric carbon atom, 
more preferably R4 ex. where R4 cx Chalky!, even more preferably methyl, or 

R4 is preferably R4Cy, where R4Cy is Ring A, more preferably R4 c y . where R4 cy is Ring A wherein R is R' 5 
, Re is Re. and R 7 is R'7, even more preferably ^4 cy, where R4 Cy is Ring A wherein R 5 is R"s , Re is R" 6 . and 
R7 is hydrogen, and most preferably phenyl. 
50 in addition, in the compounds IA and ID R2 is preferably Ci-ealkyl not containing an asymmetric carbon 
atom, especially isopropyl or t-butyl, or phenyl or p-substituted phenyl, especially p-fluorophenyl and R1 is 
preferably phenyl or p-substituted phenyl especially p-fluorophenyl. 
Of IA and ID the former are preferred. 
In each of IA, IB, IC and ID the following preferences apply. 
55 Each R5 independently is preferably R 5 ' where Rs' is hydrogen, C1 -salkyl, Ci-2alkoxy, trifluoromethyl, fluoro 
or chloro, more preferably R5" where R6" is hydrogen methyl or fluoro. In the case of R1 and R2 being a Ring A 
each R 5 is preferably fluoro, especially 4-fluoro. In the case of R 3 and R 4 being a Ring A R5" is preferably 
hydrogen. 

Each R6 independently is preferably Re* where Re* is hydrogen. Ci-2alky1, fluoro or chloro more preferably 
Re" where Re' is hydrogen or methyl, most preferably hydrogen. 
Each R7 independently is preferably R7' where R7 1 is hydrogen or methyl, most preferably hydrogen. 
Preferably, each Ring A. independently bears a maximum of one substituent selected from the group 
consisting of t-butyl, trifluoromethyl, phenyl, phenoxy and benzyloxy. More preferably, when any two or all 
three of the substituents on each Ring A independently are ortho to each other, at least one member of each 
pair that are ortho to each other is a member of the group consisting of hydrogen, methyl, methoxy. fluoro and 
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wnen Hi and/or Ro is a Rinn a th 
3.5-dimethylpheny.. more preferable ^^JH^T^ Preferab| y P hen * 4-fluoropheny, or 

22*2?™? R10 "- Where R ">"' is h V*ogeS ^ SlM or M °, * T 096 "- Cl - 3a,k y or M - eva n 

especially sodium. 9en ' u '-2 al M or M, and most preferably M, particularly M' and 

Any -CH-CH-, -CH=CH-CH 2 - or -CHs-CH- rw Z v especially ethyl. 

X is preferably X', where X' i Z~M~CH IS*** ^ (E) 

nzun 2 or -ui = CH-, and most preferably 



C = C 
(i^. (E)-CH-CH-) 



75 



2 Pre m ' iS 2 ° r * 2 R, ° ' S Preferab,y M ' and sodium. 

J™- 1 ^^ — ' ^um. potassium or 

M were monovalent and, preferably. KES^^EE" " I*** M has beenwritten as n 

the charge of two or three carboxyVoups, r es p^^^^^^^^ 

ctSL S COmP ° UndS wnerein M is div^ent or trivalent ^e conf 6Vei X otner formula containing an 
carboxylate-containing anions per cation M ' — ' com P° und s containing two or three 

. concerned, the erythro isomers are preferredliveTth^Ln a " d e3Ch of ,he sub-groups thereof are 
POS-fens of the-fexy groups ^^J^^^J^^^^ te ^^ 

Insofar as the compounds of Groups lAb IBb S »L Uk 9 ?" P ° f formu,a "■ 
concerned, the trans lactones are V^'JS^^J?*."" each of the sub-groups thereof are 
relative positions of R 9 and the WrognaZtoZT^L^ IT™*' referring ,o the 

The preferred stereoisomers of the compounds of formf, f? S ° f the group of formu,a °- 
•s a direct bond. -CH = CH- or -CH 2 CH = CH I »nn I * ' haV,n9 0nly l "° centres °< asymmetry wherein X 
racemate of which it is a constS" e ° the 3R M *' " ,he 3R ^ 

The preferred stereoisomers of the ro™« lw . < (erythro) racemate. 

^-.CH.CH.,^ 

the racemate of which it is a constituent, i.e. the 3^5R 3 S si *' m the 3R ' 5R iso ™ a "° 

The preferences set forth in the Drerorti,^ „ ^»^-3S.5S (erythro) racemate. 
mora than two centers of the compounds of formula . having 

-CH? CH CH Stara0isO,1iers of the ^pounds of f £^J£ST™2 "* P ° sitions 
CH 2 -CH-CH- and 2 is a group of formula b are the 4R S fLlt «d ' S 3 d,rect bond ' -CH = CH- or 

4R6S i fi a o r St,, r t,ii ' the4R -®^.6R 0^l^)^lKS?r , 1 and the racemate °» which 
4R 6S isomer and the racemate of which FiFa" consSpnt ho ' — ' aCt0ne) racema tes with the 
The preferred stereoisomers of the comonVnri! ^ , . be '" 9 more Preferred. 

s a constituent. U, the 4R.6R-4S.6S (trans lactone) and 4Rte2£L fT* 3nd ,he raCema,e of which «* 
,ome r the racemate o, which it 

^^^^ no, onfy to the compounds of 

ICb. IDa and .Db as we.l as to every other^Jb group meraof s^Zl™? Gr ° UPS ,Aa - ,Ba ,B * 'C a 
et.seq.. unless otherwise indicated When J «S ° rth In the specification, eg.. Groups (i 

significances of that variabteapS? ^he n^tL" V* C ° ntains a "—-.."fc i 

of compounds include compounds PreTerence ln " ues f unless otherwise indicated. Preferred grouos 

OofGrouplBawhereinR^sR,,,' R , isR , B R ioD n „ " 

ex , R 2 is R 2Bx . r 3 ls R38Xi R4 R4Bx R9 js R . 9 Riq js R . iQ flnd x . s x , 
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(ii) of (i) wherein Ri is R'ibx, R2 is R' 2 bx, R 3 is R' 3B x, R4 is R 4B x. Rg is hydrogen. R 10 is R"i 0 and X is 
(E)-CH = CH-, 

(iii) of (ii) wherein R1 is R"ibx, R3 is R" 3 Bx. R4 is R' 4B x. and R1 is R"'i 0 . preferably M. 

(iv) of Group IBa wherein R, is R 1By , R 2 is R 2B y, R3 is B 3 b v . R4 is R 4 b v . R9 is R'g, Rio is R'10, and X is 

X , 

(v) of (iv) wherein R1 is R i Bv , R2 is R 2By . R3 is R' 3By . R4 is R aey. R9 is hydrogen. R 10 is R"i 0 and X is 
(E)-CH-CH-. 

(vi) of (v) wherein R 2 is R" 2By . R 3 is R" 3 b v . R4 is R" 4 By. and R10 is R^io, preferably M, 

(vii) of Group IBa wherein Ri is Ri 8 y. R 2 . R 2By , R3 is R 3Bx , R4 is R 4Bx , R9 is R' 9l R10 is R'i 0 . and X is X' 
(viil) of (vii) wherein Rt is R'lBy, R 2 is R' 2Bv , R 3 is R' 3 b x , R4 is R'abx. R9 is hydrogen, R i0 is R w i 0 and X 

is(E)-CH=*CH-, 

(ix) of (viii) wherein R 2 is R' 2 By. R 3 is R* 3B x, R4 is R' 4B x. and R10 is R"'io. preferably M. 

(x) - (xviii) of (i) - (ix) wherein the hydroxy groups in 3- and 5-positions of the group of formula a have 
the erythro configuration, 

15 (xix) of Group IBb wherein R, is Ribx. R 2 is R 2Bx , R3 is R 3B x. R4. RaBx. Rg is R'g, R10 is R" 10 . and X is 

(xx) of (xix) wherein Ri is R'iBx, R 2 is R' 2B x, R 3 is R' 3B x, R4 is R 4B x, R9 is hydrogen and X is 
(E)-CH = CH-, 

(xxi) of (xx) wherein Ri is R"i B x, R 3 is R" 3 bx, and R 4 is R" 4 bx. 

20 (xxii) of Group IBb wherein Ri is Ri B y, R 2 is R 2By , R 3 is R 3By . R4 is R 48 y, Rg is R'g, and X is X' 

(xxiii) of (xxii) wherein Ri is R'i B y, R 2 is R* 2 By, R3 is R' 3 By. R4 is R' 48y . Rg is hydrogen,' and X is 
(E)-CH = CH-, 

(xxiv) of (xxiii) wherein R 2 is R" 2 By, R 3 is R' 3 By, and R 4 is R" 4B y, 

(xxv) of Group IBb wherein Ri is R 1By , R 2 is R 2By , R 3 is R 3Bx , R4, R 4B x, Rg is R'g, R10 is R'io. and X is 

25 X', 

(xxvi) of (xxv) wherein R, is R'ib v , R 2 is R' 2By . R 3 is R' 3 Bx. R 4 is R' 4Bx , Rg is hydrogen, and X is 
(E)-CH«CH-, 

(xxvii) of xxvi) wherein R 2 is R" 2By , R3 is R* 3 bx and R4 is R" 4Bx , 

(xxviii) - (xxxvi) of (xix) - (xxvii) wherein R 9 and the hydrogen atom in the 6-position of the group of 
30 Formula b are trans to each other, i.e., the trans lactones, 

(xxxvii) of Group ICa wherein R, is Ricx, R 2 is R 2C x, R 3 is R 3C x, R4 is R 4Cx , Rg is R'g R10 is R', 0 . and X 
isX\ 

(xxxviii) of (xxxvii) wherein Ri is R'icx. R 2 is R' 2C x, R 3 is R 3C x. R4 is R' 4C x. Rg is hydrogen. R 10 is R"i 0 , 
and X is (E)-CH = CH-, 



35 
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and X is 



(xxxix) of (xxxviii) wherein R 2 is R" 2Cx , R 3 is R" 3C x. R4 is methyl and R10 is R"'i 0 . preferably M 
(xl) of Group ICa wherein Ri is Ri Cy . R 2 is R 2C y. R 3 is R 3Cy , R4 is R 4Cy . Rg is R'g, R 10 is R'i 0l 

(xli) of (xl) wherein Ri is R'ic y , R 2 is R' 2C y, R 3 is R' 3Cy . R4 is R 4C y t Rg is hydrogen, R10 is R - i 0 . and X 
is (E)-CH = CH-, 

40 (xlii) of xli) wherein Ri is R'icy. R 3 is R w 3 c v , R4 is R" 4Cv . and R 0 is R" 0 , preferably M, 

(xliii) - (xlviii) of (xxxvii) - (xlii) wherein the hydroxy groups in the 3- and 5-positions of the group of 
Formula a have the erythro configuration, 
(xlix) of Group ICb wherein Ri is R 1Cx . R 2 is R 2 Cx, R 3 is R 3C x, R4 is R 4C x, Rg is R 9. and X is X' 
(I) of (xlix) wherein R, is R' 1C x. R 2 is R' 2 cx. R 3 is R' 3Cx . R4 is R 4Cx , Rg is hydrogen, and X is 

45 (E)-CH = CH-, 

(Ii) of (I) wherein R 2 is R" 2 cx, R 3 is R*3Cx, and R4 is methyl, 

(Iii) of Group ICb wherein Ri is R 1C y. R 2 is R 2Cy , R 3 is R 3Cv , R4 is R 4Cv , Rg is R'g and X is X' 
(Ini) of (lu) wherein R r is R"i C y, R 2 , is R' 2Cy . R3 is R' 3 c v . R4 is R 4Cy . Rg is hydrogen, and X is 
(E)-CH = CH-, 

(liv) of (liii) wherein Ri is R*i C y. R3 is R w 3 c y . and R 4 is R r 4 c y . and 

(Iv) - (Ix) of (xlix) - (liv) wherein R17 and the hydrogen atom in the 6-position of the group of Formula b 
are trans to each other, Le. the trans lactones. 
Groups (x)- (xviii) and (xliii) - (xlviii) embrace the 3R,5S-3S,5R racemate and the 3R5S and 3S5R 
enantiomers of the compounds wherein X is -CH = CH-, the 3S.5R enantiomer being least preferred, and the 
3R,5R-3S,5S racemate and the 3R.5R and 3S.5S enantiomers of the compounds wherein X is -CH 2 CH 2 - the 
3S t 5S enantiomer being least preferred. 

Groups (xxviii) - (xxxvi) and (Iv) - (Ix) embrace the 4R,6S-4S,6R racemate and the 4R 6S and 4S 6R 
®2^1 ,0 ™ r ! of the com P° und s whereki X is -CH = CH-, the 4S.6R enantiomer being least preferred and the 
*n ,6S racemate and the 4R ' 6R and 4 S.6S enantiomers of the compounds wherein X is -CH 2 CH 2 - the 

*> 4S.6S enantiomer being least preferred. 2 ' 

Preferred groups of Formulae IA and ID include those that correspond to groups (xxxvii) - (Ix) and the 
groups corresponing to groups (xxxvii)-(xxxix), (xliii)-(xlv). (xlix)-(H) and (Iv)-(lvii) wherein any R 3cx is R 3cv 
Oncluding 2-methyl-prop-l-en.l.yl), any R C x is R 3cv (including 2-methy|.prop-1-en-1-yl), and any R" 3cx is 
R 3cv (including 2-methyl-prop-l.en.l.yl) i.e. groups (Ixi)-(xcvi) (for group IA compounds) and (xcvii)-(cxxxii) 
(for group ID compounds). It goes without saying that none of these groups contain an R 4 substituted 



6 



0 221 025 



R 7 



^^iS^Z^So^tS^^ hydr ° 9 - n- bu ty. , bm 

independently hydrogen. chalky! c, JkZZTm ' Ch ' 0r °' phenyl ' P nenox y or benzyioxy eac), aS 

R7 is independently Mrog^ *«. '"loro. phenoxy or be^y and each 

Z is -CH-CH.-CH-CH -rnno pesent ' X,s (E)CH»CHor-CH 2 -CH 2 -and 



Z is -CH-CH 2 -C H -CH 2 -COOR 10 or 

OH OH .CH 
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c 

fl 

0 



25 



-» — ,_, , — — J-,...,. 

1 40 



'•^7-^B.l8lnd^den%lwd^o™S T"* to ' 0 ' <*'"»• "'a™, phenyl, pL-oxHl 
Present. X is (CH a)n) . -CH-CH, &Z^J%ESE^T^ ° r - each Ring C 

fs 

-CH-CH- -C-CH--COOR, 50 
0H OH 

or /CH^ 

/ ?\ /OH 

-CH C- 1 55 



I R 

0 CH, 9 



and R '° Mrogen. a physio.ogioa.ly aooeptab.e ester group or a 
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The compounds of formula I can be prepared by the following reactions where Q stands for 



Rd / \ Y A Ra 



10 
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wherein Ra. Rb, Rc. Rd and Y are as defined above including provisos 

a) when R$ is hydrogen reducing a compound of formula VIII 
Q-X-CH-CH 2 -C-CH 2 -COOR 12 

OH 0 

wherein R 12 is a radical forming an ester substantially inert to the reaction conditions 
and X is as defined above, 

b) when R 9 is Ci-aalkyl hydrolysing a compound of formula XVI 



Q-X-CH-CH - C - CH.-COOR,., 

o 2 Ah 2 12 XVI 

K 13 

wherein R 9 is Ci -3alkyl, Ria is part of an ester forming group and X and R i 2 are as defined above 
25 c)whenXis-(CH 2 )2-,-(CH2)3-,-CH = CH-or-CH 2 CH"CH- 

deprotecting a compound of formula XXVII 



H ett npro 

35 wherein X" represents -(CH 2 ) 2 -. -(CH 2 ) 3 -, -CH - CH- or -CH 2 CH = CH- 

and Pro is a protecting group, 

d) when X is -(CH 2 ) 2 -, -(CH 2 ) 3 -, or -(CH 2 ) q CH - CH(CH 2 ) q - 
deprotecting a compound of formula XI 



b 

Q-X"'-CH-CH_ - C - CH_COOR n _ XXII 
I 2 I 2 12 

OPro OPro 

wherein X"' is -(CH 2 ) 2 -. -<CH 2 ) 3 - or -<CH 2 ) q -CH = CH-(CH 2 ) q -. and q. R 9 , R 12 and Pro are as defined 
above, 

e) hydrolysing a compound of formula I in the form of an ester or a lactone. 

f) esterifying or lactonising a compound of formula I in free acid form, or 

g) esterifying a compound of formula I in lactone form, and when a free carboxyl group is present 
recovering the compound obtained in free acid form or in the form of a salt. In processes a) b) and d) R, 2 
is preferably Ci - 3 alkyl, n-butyl, i-butyl. t-butyl or benzyl, more preferably Ci- 3 alkyt and especially Ci - 2 alkyt 
and R13 is preferably Ct-3alkyl more preferably n-Ci. 3 alkyl, especially Cj. 2 alkyl 

Reduction according to a) is preferably carried out using a mild reducing agent such as sodium borohydride 
or a complex of t-butylamine and borane in an inert organic solvent such as a lower alkanol preferably 
ethanol. conveniently at a temperature of -10° to 30° C. under an inert atmosphere 

ro^'fH^'V'i" 3 S,8rtin ? mat8rial WiM lead to only two °P ,ical isomers (^stereoisomers) of the 
resulbng end product. However, if stereospecificity is desired it is preferred to utilize a stereo-selective 
reduction in order to maximize production of a mixture of the erythro stereoisomers (racemate) of which the 
preferred stereoisomer (as set forth above) is a constituent. Stereoselective reduction is preferably carried 
out in three step* For example in the first step, the ketoester of formula VIII is treated with a tri(primary or 
romn r 2 ary T h C2 - 4a,l : y,,b f rane - PreferaWy ,rieth y |b0 ™° or tri-n-butylborane, and optionally air to Term a 
1TJ£ h 6 rea °i 0n temp8rature is suitably 0° to 50° C, preferably 0" to 25° C. The first step is carried out in 
an anhydrous inert organic solvent, preferably an ether solvent such as tetrahydrofuran or a mixture of 

SSTrrir^ 01 (Pre,erably * 4:1) - ,n ,he second s,ep ' the com »** is reduced wtth Sum 
borohydnde. preferably in the same solvent as utilized for the first step, at -100° to -10°C. preferably -90' to 
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•^nic hydroxide such a^ 

Suitable solvents are mixtures oYwa ter andtate SUb h sequent ^ification to give the free Sdfom - 

ethanol and reaction conveniently ttSi^S 18 **«nts such as lower alkanols e.g. methanol ' 
f°^er the compound in a S 

thereof, preferably at temperatures of 75»C to Xx aThounh l?'" 3 " 6 ° r a x * ,ene ° r ^ures 

however, a lactonisation agent, e.g a ^carbodl^ ^l^, pre,erab, y not ab °ve 150»C. Preferably 
N^clohexvl-N'-[2WN"-meth y imorpholnium?eS^^^^ 3 water - sol "°' a carbodiimide such 

(two stereoisomers, and a nc^ STsraSSST?*^ 3 r3Cemic cis lact °" a 

stereoisomers,. Likewise if a sing.Sk^e S 2°K2S 8 ra ° emiC »SB la «one (two 

P-toluenesulfonic acid. Where methyl ester Tare ZmSEZZ*, k ° 3t3lytic amount of an aci " *"ch as 
man anhydrous inert ether solvent such % 'SSSSSi tTfZSZ eg ' usin 9 «azomethane 

especially ^ethylether at e.g. 0° to 30°C. SSfyT'to^C eth0Xyeth3ne 0r 1 . 2 -di-ethoxyethane and 36 

Process M «i P p^^^S^^%\^ « (E)> = CH 9 and in ester form. « 
. R P " cess «r)'s Particularly suitedfor compounds wheT ein Ts CH ^ 

configuration. on2 ori2 or -CH2CH2CH2- and the lactone is in 4R 6R 

Process d, is particularly suited for compounds in ester form 
In processes c, and d, X" and X" are un^Zl lVT; 



\-j XR 19 



and X- are unsaturated when R 3 is 45 



50 



estenfymg a compound of formula I in lacSe ?orm S l* 0 ™* 30 ™* ° f f0rmu,a 1 in free acid or 

Tni 0 s u s nd o r ained in ,ree acid f ° m ^£^STm carboxyl group is present reCOVerin 9 * a • 

principles well established in the art on the LSTTSl!? T^' 03 ' and are chosen according to 
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question. 

Examples of inert atmosphere are carbon dioxide and more usually nitrogen or a nobel gas. nitrogen being 
preferred. Most reactions, including those wherein use of an inert atmosphere is not mentioned are carried 
out in such for convenience. 

EP 1 14027 and 1 17228 and WO 86/00307 and 86/03488 including the examples thereof disclose analogous 
processes and further suitable reaction conditions. 

Examples of protecting groups in reaction c) and d) are diphenyl-t-butylsilyl, tri-isopropyfsilyl or 
dtmethyl-t-butylsilyl, benzyl, tri-phenylmethyl, tetrahydrofuran -2-yl, tetra hydrbpyran-2-yl. 4-methoxytetra-hy- 
drofuran-4-yl, n-(C 2 . 6 )alkanoyl. Especially preferred are trisubstituted silyl radicals in particular diphenyl-t-bu- 
tylsilyl (=»Pro*). 

Deprotection is carried out in conventional manner e.g. by cleavage under mild conditions such as 
employing e.g. for removal of a diphenyl-t-butylsilyl a fluoride reagent e.g. tetra-n-butyl-ammonium fluoride in 
an anhydrous inert organic medium preferably tetrahydrofuran containing glacial acetic acid at temperatures 
of 20' to 60° C, especially 20° to 25° C. Preferably 2 - 8 (for d) or 1 - 4 (for c) moles of fluoride are used with 1 2 
to 1.5 moles of glacial acetic acid to each mole of fluoride. 

The required starting materials may be prepared for example as illustrated in the following reaction schemes 
or in the examples hereinafter. 

Further suitable reaction conditions are disclosed e.g. in EP 1 14027, 1 17228 and WO 86/00307 and 86/03488 
including the examples thereof. 

Abreviations: 

AIO - anhydrous inert organic solvent 
ES- ether solvent e.g. diethylether, 1,2-diethoxyethane, 1,2-dimethoxyethane. THF or mixtures thereof 
HC - hydrocarbon solvent e.g. benzene, toluene, xylene or mixtures thereof 

HLA - halogenated lower alkane solvent e.g. CCU, CHCI 3 , 1,1-di-chloroethane, 1 ,2-dichloroethane methylene 

chloride, 1,1,2-trichlorethane 

THF - tetrahydrofuran 

DMSO - dimethylsulfoxide 

LDA - lithiumdiisopropylamide 

nBuLi - n-butyllithium 

DIBAH - diisobutylaluminium hydride 

LAH - lithiumaluminium hydride 

NBS - N-bromosuccinimide 

DDQ - 2,3-dichloro-5,6-dicyano-1,4-benzoquinone 



C 6 H 5 

v-° - Si " t - C 4 H 9 



Lac is is*. C g H 5 



?6 H 5 

Pro' is - Si - t - C A H n 

4 3 



C 6 H 5 

MTBE - methyl-t -butylether 

TTPRD *= tris-triphenytphosphineruthenium (ll)chloride 
RT = room temperature 
In the reaction schemes: 

R3' is Ring A ( with the proviso that none of R 5 . R 6 and R 7 is fluoro. chloro. bromo or trifluoromethyl) preferably 
phenyl or p-toryl or p-methoxypheny» 7 K 7 

R4* is as R 4 except for hydrogen 
Ris is n-(Ci-4)aiky» especially ethyl 

each R20 is independently Ci. 3 alkyl preferably n-Ci^alkyl especially Ci. 2 alkyl 
each R21 is independently Ci. 2 alkyl preferably the same d^alkyl 
Et is ethyl 

X1 is -(CH 2 ) m - or (E)-CH = CH-, especially (E)-CH = CH-, wherein m is 0, 1 2 or 3 
X 2 is -CH 2 - or -CH 2 CH 2 -, 
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Xa is a direct bond or -CH2-, 

«iS^SS?!£Sir<£^- CH -- pre,erab * ,e, - ch = ch -- - < e »-ch 2 - 

X 5 is -CH2CH2- or -CH2CH2CH2-. especially -CH 2 CH 2 -. 

X 6 is -CH - CH- or -CH2-CH = CH-, preferably -CH . CH- and especially (E)-CH = CH- 5 
Y is chloro, bromo or iodo, 5 
Y- is chloride, bromide or iodide. 
Y' is chloro or bromo, 
Y'- is chloride or bromide. 

M 2 + is sodium or potassium, and each of the other variables is as defined above. 10 
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temperature, reaction times and the like which are chosen according to principles well established in the art on 
the basis of reactants and conditions employed. 

Intermediates, the production of which is not described above are known or may be prepared by or 
analogously to known methods e.g. as described in EP 1 14027 and 1 17228 or WO 86/00307 (US Pat. 4,613,610) 
5 and 86/03488 including the examples thereof. This applies for example to intermediates VIII.XVl.XXII and XXVII. 
Reaction products, both intermediates and final, can be isolated (e.g. from compound mixtures or reaction 
mixtures) and purified in conventional manner whereby intermediates can, where appropriate, be employed 
directly in a subsequent reaction. 
Mixtures of stereoisomers (cis, trans and optical) can be separated by conventional means at whatever 
10 stage of synthesis is appropriate. Such methods include re-crystallisation, chromatography, formation of 
esters with optically pure acids and alcohols or of amides and salts with subsequent reconversion under 
retention of optical purity. For example diastereoisomeric (-)-a-naphthylphenylmethylsilyl derivatives of a 
lactone type end product of formula I may be separated by conventional means. Such separations are 
described in US Pat. 4,613,610. 
15 Salts may be prepared in conventional manner from free under, lactones and esters and vice-versa. Whilst 
all salts are covered by the invention pharmaceutical^ acceptable salts especially sodium, potassium and 
ammonium particularly sodium salts are preferred. 

The various forms of the compounds of formula I are by virtue of their interconvertability useful as 
intermediates in addition to the use set out below. 
20 Also within the scope of this invention are the intermediates of formulae VIII, XVI, XIX, XX. XXII LXXIIa XXIV 
XXVII, XXVIIa, XXIX, XLV-XLVII, L-LII, LVIII, LX. LXIII, LXIV. 

The preferences for each variable are the same as set out for formula I and preferred groups of compounds 
correspond to those listed for formula I as appropriate to and consistent therewith. 
The compounds of formula I possess pharmacological activity in particular as competitive inhibitors of 
25 3-hydroxy-3-methyl-glutaryl coenzyme A (HMG-CoA) reductase and as a consequence are inhibitors of 
cholesterol biosynthesis as demonstrated in the following tests. 

Test A: In Vitro Microsomal Assay of HMG-CoA Reductase Inhibition: As described in EP 1 14027 and 
USP 4,613,610 

Concentration of test substance 0.0005 to 2,000 nmolar. 
30 Test B: In Vivo Cholesterol Biosynethesis Inhibition: As described in EP 114027 and USP 4,613,610 

Dosage of test substance 0.01 to 200 mg/kg body weight. 
The compounds are thus indicated for use as hypolipoproteinemic and anti-atherosclerotic agents. 
An indicated suitable daily dosage for use in the treatment of hyperlipoproteinemia and atherosclerosis is 
from about 0.5 to 2000 mg preferably 0.5 to 200 mg suitably administered in divided dosages two to four times 
35 daily or in retard form. A typical dosage unit for oral administration may contain 0.01 to 500 mg typically 0.25 to 
500 mg. 

The compounds of formula I may administered in similar manner as known compounds suggested for use in 
such indications e.g. Compactin or Mevinolin. The suitable daily dosage for a particular compound will depend 
on a number of factors such as its relative potency of activity. It has, for example been determined that the 
40 preferred compounds of Examples 2 and 9 and compound 1 9 obtained an ED 5 o of 0.53 mg/kg, 0. 1 7 mg/kg and 
0.076 mg/kg respectively in Test B compared with 3.5 mg/kg for Compactin and 0.41 mg/kg for Mevinolin. It is 
therefore indicated that these compounds may be administered at similar or significantly lower dosages than 
conventionally proposed for Compactin or Mevinolin. 
They may be administered in free acid form or in the form of a physiologically-acceptable ester e.g. one 
45 which is also physiologically hydrolysable or a lactone thereof or in pharmaceutical^ acceptable salt form. 
The invention therefore also concerns a method of treating hyperlipoproteinemia or atherosclerosis by 
administration of a compound of formula I in free acid form or in the form of a physiologically-hydrolysable and 
-acceptable ester or a lactone thereof or in pharmaceutical^ acceptable salt form as well as such compounds 
for use as pharmaceuticals e.g. as hypolipoproteinemic and anti-atherosclerotic agents. 
SO The compounds may be administered alone, or in admixture with a pharmaceutical acceptable diluent or 
carrier, and, optionally other excipients, and administered orally in such forms as tablets, elixirs, capsules or 
suspensions or parenterally in such forms as injectable solutions or suspensions. 

The preferred pharmaceutical compositions from the standpoint of ease of preparation and administration 
are solid compositions, particularly tablets and hard-filled or liquid-filled capsules. 
55 Such compositions also form part of the invention. 

The following examples, in which all temperatures are in ' C illustrate the invention. 

Example 1 

SO Ethyl 

(±)-e^yJ^-(E)-3,5-d^ 
6-enoate (Compound No. 1) 

nyOype IBa, X « (E)CH « CH, R 9 « H, R i 0 - C 2 H 5 , R 2 = i-propyl. R 3 = hydrogen, R 4 - phenyl, R 1 <= p-fluorophe- 
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Step 1 (Reaction AB) 

(2^xo-2-phenyl e thyl)tripheny!phosphonium bromide (Compound (CCII) 

•npheVph^ «f> and 65.9 g (251 mmo.es) of 

--conected^ S 

Step 2 (Reaction AC) 

(E)-4-Methyl-1-phenylpent-2-en-1-one (Compound CCIV) 10 
JiSSSSmA *L Z£2£^ 10 2 ^ m ' ° f abS °' Ute ethano ' is « uickl V added dropwise to a 

addeddrop^etotheso.ution.and^ 
Step 3 (Reaction AE) 

20°.p^-r thoVltroK J ^ Uenched at " 7 8 C. with saturated ammonium chloride solution and warmed to 

Step 4 (Reaction AF) 40 
E TcJ.^" 2, ^ d !^ (Compound CCVII) 

dropS e to a so. ITMr ^TT ^ St6p 3 "° of ace <°" itriI ° - «*" 

■SPi 

^ 31 reoucea Pressure to obtain the crude product as a clear yellow liquid. 
Step 5 (Reaction AG) 

A small sample is dissolved in the minimum amount of methylene chloride and flash chromatography on * 
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250 g. of 230-400 mesh A.S.T.M. silica gel utilizing 250/o diethyl ether/hexane as the eluant, the eluant is 
evaporated, and the residue is recrystallized from absolute ethanol to obtain an analytical sam D le 
m.p. 107°-110°C. 

Step 6 (Reaction BA) 

1-(4'-Fluorophenyl)-3-(1'-methylethyl)-5-phenyl-1H-pyrrole-2-methanol (Compound CCX) 

A solution of 15.0 g. (42.7 mmoles) of Compound CCIX in 100 ml. of dry tetrahydrofuran (distilled from ketyl) 
is added dropwise to a suspension of 4.86 g. (128.1 mmoles) of lithium aluminum hydride in 150 ml of dry 
tetrahydrofuran (distilled from ketyl) stirred at 0°C, and the reaction mixture is allowed to warm to 20°-25 c C 
stirred at 20°-25°C. for 3 hours and cooled to 0°C, the reaction mixture being stirred under dry nitrogen 
throughout. The reaction mixture is quenched at 0°C. with water, the white gum is removed by filtration the 
small aqueous phase is separated and the organic phase is washed twice with saturated sodium chloride 
solution, dried over anhydrous magnesium sulfate, filtered and evaporated at reduced pressure to obtain a 
white solid which .s recrystallized from diethyl ether/hexane to obtain the product as a white powder The 
mother liquor is evaporated at reduced pressure, and the residue is recrystallized from methylene 
chlonde/hexane to obtain a second crop. 

Step 7 (Reaction BB) 

1-(4'-Fluorophenyl)-3-(1 -methylethyf)-5-phenyl-1 H-pyrrole-2-carboxaldehyde (Compound CCXII) 

A solution of 7.8 g. (25.2 mmoles) of Compound CCX in 200 ml. of dry acetone (dried over 4A. molecular 
sieves) is added dropwise to a mixture of 483 mg. (0.5 mmole) of tris-(triphenylphosphine)ruthenium(ll) 
chloride (Compound CCXI) and 8.62 g. (50.4 mmoles) of N-methylmorpholine-N-oxide monohydrate in 100 ml 
£o d l£ e, f ne '* ied ov ! r 4A ' moleCu,ar 8ieves > stirre ° at 20°-25°C., and the reaction mixture is stirred at 
I .if Sl the reac,ion mixture bein 9 maintained under dry nitrogen throughout. The reaction 
mixture is filtered through 230^»00 mesh A.S.T.M. silica gel. the silica gel is rinsed with diethyl ether and the 
rinse and filtrate are combined and evaporated at reduced pressure to obtain a tan solid. The tan solid is 
dissolved in the minimum amount of methylene chloride and flash chromatographed on 450 g of 230-400 mesh 
A.S.T.M. silica gel utilizing 250/o diethyl ether/hexane as the eluant. and the eluant is evaporated at reduced 
pressure to obtain the product as a flocculant white solid m.p. 135 0 -139 9 C. 

Step 8 (Reaction BC) 

22LP 8 " 11 '-( 4 "- fluw 0P»»nyl)-3 , -.(1 •methylethyl)-5'-phenyl-1 H-pyrrol-2'-yl)prop-2-enoate (Compound 

CCXIV) 

1.03 g. of 600/o sodium hydride/mineral oil (25.7 mmoles) is washed twice with hexane and suspended in 100 
ml. of dry tetrahydrofuran (distilled from ketyl), the suspension is stirred at 20°-25 6 C, approximately 1 ml of 
tnethyl phosphonoacetate (Compound CCXIII) is added to initiate the reaction, the reaction mixture is cooled 
1 "PProximalrty 3.9 ml. of triethyl phosphonoacetale is added dropwise with stirring at -20'- 
-15 C. (the total amount of triethyl phosphonoacetate being 4.9 ml. (5.48 g.; 24.45 mmoles)) the reaction 
mixture .s stirred at -20°- -15»C. for 1 hour, a solution of 5.0 g. (16.3 mmoles) of Compound CCXII in 50 ml of 
dry tetrahydrofuran (distilled from ketyl) is added dropwise with stirring at -20°- -15°C and the reaction 
mixture is allowed to warm to 20°-25°C, refluxed for 3 hours and stirred at 20°-2S"C. for 16 hours the reaction 
mixture being maintained under dry nitrogen throughout. The reaction mixture is diluted with diethyl ether and 
extracted with water, and the aqueous phase is reexctracted with diethyl ether. The organic phases are 
combined, washed twice with saturated sodium chloride solution, dried over anhydrous magnesium sulfate 
filtered and evaporated at reduced pressure to obtain a white solid which is recrystallized from diethyl ether to 
obtain the product as a white powder. A second crop is obtained from diethyl ether/hexane 
m.p^45^-w a 5 0 c mPle 15 ° btained ^ recrys,al,iza,ion °' a sma " "mi* fr om diethyl ether/hexane. 

Step 9 (Reaction BD) 

<E i?*i 1 . " < T; F J^ r ^ hC r y,, '; 3 .'" < 1 "- meth y tet "y>- 5 -PnenyM H-pyrro1-2 -yl]prop-2-en-1-ol (Compound CCXV) 

44 ml. of 1.5M. di.sobutylalum.num hydride/toluene (66 mmoles) is added dropwise to a solution of 5 0 g 
(13^25 mmoles) of Compound CCXIV in 100 ml. of dry tetrahydrofuran (distilled from ketyl) stirred at -78'C 

fhl^LT^TrT' Xt t UrB iS 8t " 78 ° C - ,0r 1 hOUr ,he reac,ion mixture bei "9 stirred under dry nitrogen 

throughout. The reaction mixture is quenched at -78°C. with water and warmed to 20'-25*C, sufficient 1Mb 
hydrochloric acid is added to dissotve the gel. and the mixture is extracted twice with diethyl ether The diethyl 
!1?1, 8 H h fc c , ombined - washed sa, " ra ted sodium bicarbonate solution, washed twice wS 
saturated sodium chloride solution, dried over anhydrous magnesium sulfate, filtered and evaporated at 

ZT^rw'rS* r6S !f Ue ! S recr y ste,,ized ,rom dielh y' to °°tain the product as a white powder 
m.p. 142 -148 C. The mother liquor is evaporated at reduced pressure, the residue is dissolved in the 
minimum amount of methylene chloride and flash chromatographed on 150 g. of 230-400 mesh A.S.T.M. silica 
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Step 10 (Reaction BE) 

Step 11 
Ethyl 

Step 12 (Reaction a)) 
Ethyl 

«„S«' 32 , Tn tri -D- but y boran e/tetrahydrofuran (4.32 mmoles) is added quickly droowise to a 

siirrea at aj 25 C., air is bubbled through the solution for 1 minute, the solution is stirred at 20° 

222" e l b6tWeen die ^'. ether «d w^er. The aqueous phase is «1S ^Z^f^Te 
amount of .sopropanol is added, and the isopropanol is evaporated 5 SKSK.^ 

pvin'n^^;" 0 b0r0 " ester product of Part < a ) >■ dissolved in methanol with heating and the methanol is 

FSZSSSZtS ST- an K, thi ! P :° CedUre iS repeated **» more *> • wniteToi S whLh 
SXS c W Chl0nde/hexane to ob ^n the product as a flocculant white solid. 

ex2Lr9Twmch m ^ 0f ,h6 K^ ^ S=2 raCemateS Wherein the ratio ° f the * the latter 

raciSt* ij J V I may be Separa,ed by co "ventional means. The principal product the erylhro 
racemate. may be resold ,nto two optically pure enantiomers. the 3R.5S and 3S. 5 £ enantiomers ofS 
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the former is preferred. The minor product, the threo racemate. may be resolved to obtain the 3R 5R and 3S 5S 
enantiomers. The use of a non-stereoselective reduction would afford a mixture of all four stereoisomers 
wherein the ratio of the erythro stereoisomers to the threo stereoisomers ranges from 3:2 to 2:3. 

Example 2 
Sodium 

(±>-2!^-(E)-3.5-dihydroxy-^ 

6-enoate (Reaction e)) (Compound No. 2) y 
(Substitutents as Compound No. 1 except Rio = Na) 

It^olltli^ r° diUm hy . d M S c Uti0n (0 ° 5 mm °' e) is quick,y added dr °P wise to a suspension of 25 mg. 
0.054 mmole) of Compound No. 1 in 5 ml. of absolute ethanol, and the reaction mixture is stirred at 20°-25°C 

2h iT 8 .' h 6 !. V ! ? r iS added " and ,ne ^ y e,,ow Precipitated product is collected, stirred in diethyl ether 
and collected by filtration m.p. 203-206° C (dec.) (yellows at 145° C) y 

!i?'n (C ? 3 iTm + C P C,3) ; iWT'fS- 160 (m - 2H) ' 2 29 (m ' 2H) - 3 12 < m - 1H >- 3 95 <«"■ 'H>. 4.20 (m. 1H) 5 40 
(dd (J, + 15 Hz.. J 2 = 7.5 Hz.), 1H). 6.22 (d (J = 15 Hz.). 1H). 6.30 (s. 1H) 7 08 (m 9H) 

The product is a mixture of the eryjhro and threo racemates wherein the ratio of the'former to the latter 

exceeds 9:1. which mixture may be separated by conventional means. The principal product the erythro 

racemate. may be resolved into two optically pure enantiomers, the 3R.5S and 3S.5R enantiomers ofwhich 

the former is preferred. The minor product, the threo racemate. may be resolved to obtain the 3R 5R and 3S 5S 

f^T^h of S 8 S,a ? n9 s y n,hesized b V usi "9 a non-stereoselective reduction in Step 12 of 
Example 1 would afford a m,xture of all four stereoisomers wherein the ratio of the emhro stereoisomers to 
the threo stereoisomers ranges from 3:2 to 2:3. — 1 

Example 3 
Xpoun^ 

R,=Tp e ro P ^)' X=(E) CH = CH ' R9 = H ' R,0 = C2Hs ' n ^ = P-^ophenyl. R 3 = hydrogen. R 4 -phenyl. 
Step 1 (Reaction AD) 

(E)-3-(4 , -Fluorophenyl)-1-phenylprop-2-en-1-one (Compound CCXXIII) 
52.0 g (433 mmoles) of acetophenone is added to a solution of 21 .8 g. (545 mmoles) of sodium hvdroxide in 

l£SZ ? ?c m and SSo-Si 22 5 1 ? ethano ' s,irred at 20 - 25 ° c • toZS^JESEl 

cooled to 0 -5 C and 53.74 g. (433 mmoles) of 4-fluorobenzaldehyde is added portionwise. the temperature 
of the reaction mixture rising to 20°C. during the addition. The solidified reaction mixture is kept SSESK? 
or 3 hours and refrigerated for 16 hours. The solid is collected by filtration, rinsed with about 2 1 of water unTii 
he rinses are neutral, rinsed with 200 ml. of cold 950/o ethanol and recrystallized from 95% efluroJS obta n 
the product as yellow flakes (66.25 g. (68%)), m.p 83°-86°C 

Fthv? ( + aC 9?v STT f"f>gously to Steps 3 to 11 of Example 1 via the following intermediates- 
Ethyl (±)-2-[1 -(4 -fluorophenyl)-3--oxo-3--phenylpropyl]-1.3-dithiolane-2-carboxy.ate. viscous clear brovm 

Ethyl ( ± )-2,5-dioxo-3-(4 , -fluorophenyl)-5-phenylpentanoate 

Ethyl 3-(4 , -fluorophenyt-1-(V-methylethyl)-5-phenyl-1H-pyrrole-2-carboxylate. m p 97-100° 

3- 4 -Fluorophenyl)-1-(T-methylethyl)-5-phenyl-1H-pyrrole-2-methanol. white powder 

^.L .i-??'*^ m-P- 118-122 

l* tPJ 4 ■ fluorophen y | >- 1 '-' 1 "- meth ylethyl)-5 l -phenyl-1H-pyrrol-2--yl]prop-2-enoate mp 84-87' 

6^vJ^^ 

Sompound , ^3? ydrOXy " 7 ^ 

. !*!• 1 ' 18 .?-L« 10M ' ,ri -D- bu »yborane/tetrahydrofuran (1.18 mmoles) is quickly added dropwise to a 

a t 2? ill ] t VESSFtT?*"? in 5 m ' ° f dry te Wydroft,ran (distilled LmtetylSed 
20°^5°C for 1 h« ,r a T , T th f 0 oT C c° n m ' X,Ure f ° r 1 minute ' the reactio " m «^e is st rred at 
sLno at 7 C *rf„T d t0 1 78 ° • 56 m9 (1 475 mm °' es) of sodium borohydride is added with 
stirring at -78 C. the reaction mixture is stirred at -STC. for 16 hours an additional 56 ma (1 47S 
mmoles) of sodium borohydride is added with stirring at -50 C and the eactfor Tm. x w i S T« JL In 
stowty warm to -10°C. and is stirred at -10°C. for 1 houTs. the reac mixtu^ So SSned u^r «£ 
nrtrogen throughout. The reaction mixture is quenched at -10°C. with Wo hydr£ZcTc" (to pH 2) 
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warmed to 20°-25°C. and partitioned between diethyl ether and water, and the aqueous phase is 
extracted with diethyl ether. The diethyl ether phases are combined, washed twice with saturated sodium 
chloride solution, dried over anhydrous magnesium sulfate, filtered and evaporated at reduced pressure 
to obtain the cyclic boron ester as a clear yellow liquid. 

b) The cyclic boron ester product of Part (a) is dissolved in methanol with gentle heating and the 5 
methanol is evaporated at reduced pressure, this process is repeated twice more, and the obtained 
yellow oil is dissolved in the minimum amount of methylene chloride and flash chromatographed on 150 g. 
of 230-400 mesh A.S J.M. silica gel utilizing 800/b diethyl ether/hexane and then diethyl ether as the 
eluants. Evaporation of the eluant yields the product as a clear green oil 
N.M.R. (CDCI 3 ): 1.28 (t, 3H), 1.50 (d. 6H), 1.60 (m, 2H). 2.48 (m. 2H), 3.28 (m. 1H), 3.71 (m, 1H), 4.20 (m. 3H), 10 

4.46 (m. 1H), 4.59 (m. 1H), 5.56 (dd (Ji = 15Hz..J 2 • 5 Hz.), 1H), 6.14 (s. 1H), 6.75 (d (J = 15 Hz.), 1H), 7.00 

(t, 2H), 7.39 (m, 7H) 

The product is a mixture of the erythro and threo racemates wherein the ratio of the former to the latter is 
about 3:1. which mixture may be separated by conventional means. The principal product, the erythro 
racemate, may be resolved into two optically pure enantiomers, the 3R,5S and 3S,5R enantiomers, of which 15 
the former is preferred. The minor product, the threo racemate, may be resolved to obtain the 3R.5R and 3S.5S 
enantiomers. The use of a non-stereoseiective reduction would afford a mixture of all four stereoisomers 
wherein the ratio of the erythro stereoisomers to the threo stereoisomers ranges from 3:2 to 2:3. 

Example 4 20 



Ethyl 

{ ± )-mythro-(E)-3,5-dihydroxy-7-I3 , -(4'-fluorophenyl)-1 '-{1 "-methylethyl)-5'-phenyl-1 H-pyrrol-2'-yl]hept- 
6-enoate (Compound No. 4) 
(Substituents as Compound No. 3) •> 25 

A mixture of 120.4 mg. (0.26 mmole) of Compound No. 3, 24 mg. (0.39 mmole) of boric acid and 5 ml of 
isopropanol is stirred at 80° C for 3 hours, cooled to 20° - 25° C and evaporated at reduced pressure to obtain a 
yellow oil. The yellow oil is dissolved in isopropanol with warming, the isopropanol is evaporated at reduced 
pressure to obtain a yellow foam, the yellow foam is dissolved in the minimum amount of hot isopropanol, the 
solution is stored at 0°C. for 16 hours, and the mother liquor is decanted. The residual yellow wax is dissolved 30 
in methanol with gentle heating and the methanol is evaporated at reduced pressure and this process is 
repeated twice to obtain a clear yellow oil. The oil is crystallized from methylene chloride/hexane to obtain the 
product as a flocculant white solid (29.5 mg.). m.p. 105°-107°C. 

The product is a mixture of the erythro and threo racemates wherein the ratio of the former to the latter 
exceeds 9:1. which mixture may be separated by conventional means. The principal product, the erythro 35 
racemate, may be resolved into two optically pure enantiomers, the 3R.5S and 3S.5R enantiomers, of which 
the former is preferred. 



Example 5 

40 

Sodium 

( ± )-ej^Tro-(E)-3,5-dihydroxy-'7-[3 , -(4"-f luorophenyl)-1 '-( 1 "-methylethyO-S'-phenyM H-pyrrol-2'-yl]hept- . 
6-enoate {Reaction e)) (Compound No. 5) 

(Substituents as Compound No. 3 except Rio*=Na) 

0.08 ml. of 0.5N. sodium hydroxide solution (0.04 mmole) is added dropwise to a solution of 20 mg. (0.043 45 
mmole) of Compound No. 4 in 2 ml. of absolute ethanol stirred at 20°-25°C., the reaction mixture is stirred at 
20° -25° C. for 2 hours, the ethanol is evaporated at reduced pressure, the residue is dissolved in water, and the 
obtained solution is extracted with diethyl ether and lyophilized for 16 hours to obtain the product as a white 
powder, m.p. 185°-192°C. (dec.) (changes color at 135°C.) 

N.M.R. (CD3OD ± CDCI3): 1-48 (m, 6H), 1.64 (m, 2H), 2.30 (m, 2H), 4.00 (m, 1H), 4.34 (m, 1H), 4.55 (m, 1H), 50 
5.50 (dd (Ji = 15Hz..J 2 - 7.5 Hz.). 1H). 6.02 (s ( 1H). 6.71 (d (J - 15 Hz.). 1H), 7.00 (t {J - 10 Hz.), 2H), 7.38 
(m, 7H) 

The product is a mixture of the erythro and threo racemates wherein the ratio of the former to the latter 
exceeds 9:1, which mixture may be separated by conventional means. The principal product, the erythro 
racemate, may be resolved into two optically pure enantiomers. the 3R.5S and 3S.5R enantiomers, of which 55 
the former is preferred. The minor product, the threo racemate, may be resolved to obtain the 3R,5R and 3S.5S 
enantiomers. The use of a starting material synthesized by using a non-stereoselective reduction in Step 11 of 
Example 3 would afford a mixture of all four stereoisomers wherein the ratio of the erythro stereoisomers to 
the threo stereoisomers ranges from 3:2 to 2:3. ' 

Example 6 
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( ± )-erythro-(E)-7-[2-tert.-butyl-4-(4-fluorophenyl)-5-phenyl-fur-3-yl]-3,5-dihydroxy-hept-6-enoic acid ethvl 
ester (Compound No. 6) 1 

(Type IDa. Ri=t-butyl. X»(E) CH-CH. R 9 = H. R, 0 = C 2 H 5 . R 2 = p-fluorophenyl, R 3 = phenyl) 

Step 1 , 2-tert.-butyl-4-(4-f luorophenyl)-5-phenyl-fur-3-yl-methanol 

Under a dry nitrogen atmosphere, to a slurry of 1 .15 g (30.4 mmol) of lithium aluminium hydride in 50 ml of drv 
ether at about 0° was added 5.56 g (15.2 mmol) of 4-(4-fluorophenyl)-2-tert.-butyl-5-phenyl-3-furyl-carboxvlic 
acid, ethyl ester in 25 ml of dry ether. The mixture was heated at reflux for one-half hour 

The solution was cooled to 0° C, and quenched with water until a white precipitate persists The precipitate is 
filtered off, and washed with ether on the filter plate. The combined washings and the filtrate are dried (over 
magnesium sulfate) and concentrated to a white solid, which is used directly for the next step. 

Step 2, 2-tert.-butyl-4-(4-fluorophenyl)-5-phenyl-3-furylcarboxaldehyde 

3 d 7 nitr °9 en atmosphere, to a slurry of 583 mg (0.608 mmol) of TTPRD and 3.56 g (30 4 mmol) of 
NMO (N-methylmorpholine N-oxide) in 50 ml of acetone was added 4.92 (15.2 mmol) of the alcohol product of 
Step 1, above, in 10 ml of acetone at room temperature), and the mixture was stirred (at RT) for 2 hours 

The mixture was then concentrated and the resulting black residue taken up in ether. The ether solution was 
then washed three times with 100* hydrochloric acid, once with saturated aq. sodium bicarbonate then with 
brine and dried (over anh. magnesium sulfate and concentrated to a black oil. Upon standing for about 18 
hours in the freezer the oil had formed a solid. The solid was recrystallized from ethanol to give a first ctod of a 
grey powder, and the mother liquor further processed. 

Additional product was obtained from the mother liquor by chromatography (silica gel. 250/o ether/hexane). 

Step 3. 3-[2-tert.-butyl-4-(4-fluorophenyl)-5-phenylfur-3-yl]-2-propenal ( trans ) 

Under an atmosphere of dry nitrogen. 1.56 g (9.3 mmol. 1.10 ml) of cis-bromoethoxy ethylene was added to 
about 20 ml of dry THF and cooled to -78°. 11.0 ml (18.6 mmol) of tert.-butyl lithium was cannulated into a 
dropping funnel and then added dropwise at -78 c . The mixture was stirred for 2 hrs at at -78° 

2 o 0g (6.2 mmol) of the aldehyde product of Step 2, above in about 5 ml of dry THF was added dropwise at 
-78 and the mixture stirred for 15 minutes (TLC indicated no starting material present). The mixture was then 
quenched with about 5 ml of saturated aq. ammonium chloride, stirred until the mixture was homogenous and 
then extracted twice with 25 ml portions of ether. The combined ether extracts were washed once with brine 
dried over anhyd. magnesium sulfate and concentrated to a brown oil. The oil was dissolved in 10o/o aoueous 
THF to which toluene sulfonic acid (TSOH) had been added. After stirring for 15 minutes the solution was 
diluted with saturated aq. sodium bicarbonate, extracted twice with 25 ml portions of ether and the combined 
ether ex tracts were washed once with brine, dried over anhydrous magnesium sulfate and concentrated to a 
brown oil. The oil was dissolved in about 3 ml of ethanol and the solution stored in a freezer. The product of this 
step was isolated from the reaction mixture as light yellow crystals. 

Additional product was recovered by flash chromatography 2:1 (hexane/ether). 

S, ?P^ 7 " [ 2- tert - bu, y w -< 4 -«uorophenyl)-5-phenylfur-3-yl]-5-hydroxy-3-oxo-hept-6-enoic acid, ethyl ester 

Under a dry nitrogen atmosphere. 398 mg of 6OO/0 sodium hydride in paraffin oil (9.96 mmol) is charged to a 
flask washed tw.ce with hexane. and then suspended in about 150 ml of dry THF. The mixture is cooled to 
about -15 (using ice/methanol) and 1.25g (9.57 mmol) of neat ethyl acetoacetate added thereto dropwise 

• aH f? 15 St,rrCd Unt " " C,earS (ab0ut 15 minu,es >- 6 -30 ml of 1 .55 m n-butyl lithium (in hexane) (9 76 mmol) 
is added by syringe at -15°C and the mixture stirred for 15 minutes 

« 1 i 3 ^ (3 '^c mm0 !]J )f J h ! aldeh * de P roduct obtainable by the method of Step 3. above, dissolved in about 
25 ml of dry THF js added, dropwise at -15°C. The mixture is stirred for 15 minutes, then quenched with water 
-, a ^H qUen ched ™ x ! ure [ s exited twice with portions of ether. The ether extracts are combined and 
washed once with brine, dned over anhydrous magnesium sulfate and concentrated to a yellow oil (crude 
Rep a! a c!e£ on* * h Chr ° mat0graphed (3:2 ether/hexane) to obtain the refined title product of 

Step 5, Butyl borane complex intermediate 
inSml^f?™^ 

L 2L2 ?! * I r and 375 ml of 10M ,n - n - bu, y °°'ane in THF O.75 mmol) was added at once Air was 
bubbled through the solution for 1 minute and this was allowed to stir (at RT) for 1 hour (yellow mSure Tbt 

ESS 5 ,0 abOUt ,USi " 9 3 Cry °9 enic coo,er > «* 213 "9 (5-63 mmol) of sodkim 

borohydnde was added at once. The mixture was stirred at -55" for about 65 hours 

cnmhi^r WS f quanched with about 5 ml of water and extracted twice with 25 ml portions of ether The 

S23?^2L7?? T 5 6d T* WHh brine ' driCd ° Ver anhyd "Wtam sulfate and concentrated 
to crude product of this step as a yellow oil. 

jUS" 3 ? °/ iSOpropano1 ws added to the oil (crude product) and held in a freezer for about 50 hrs The 
refined product was isolated as a white powder (m.p. 55-58"). for use in the next step. 
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refined tit.e product as a white powder. a " d CrySta " iZed to *™ the 

EXAMPLE 7 

(Type .Da, R 1= i- pr0 p yl , X = (E) CH = CH R9 = H ^ = 

stirred at RT until a clear * «£2S ^^aL^ 1? t re ^ enSaddedat ° 6, Themixtureis 

^fluorophenv^-isopro^ , ° ? m,nUteS) - 271g < 88 mmo " ° f 

and2) in about 15ml of dry THFlVddedJS 

The reaction mixture is then bmS»2?T I XtUre IS s,irred for about 24 hour S- 

over anhydrous magnes tS^SVTS^SS^ T^' W3Shed **• brine - «- 

occurs on standing a ^heTo^ ~" * this step 

Step 2. 3-[4-(4-fluorophenyl)-2-isopropvl-5-pheny(fur-3-yl]prop-2-enol 

-78° for 15 minutes. The mixture is ouenchL vSh ii? . ' V ddBd dro P w,se - mixture is stirred at 
minutes (until gel separated P S ThelSS^ W BHn " d at RT for about 45 
with ether, the filtrate dried over SSS^T^l^S^' ^ ° f ^ the precipitate washed 
as a residue, in which form it can 9 b e u^lo^ 

NMotn 1 5 m[^ acet^ne°was eujded ^m^ ^0 1 3 mmt^J^Hhe^o'hol d'^ JTR", 3 '"™ «"» — • °< 
above, in 3 ml acetone, at RT The i mfx ure wS stir IZ " lcoh K 0,p :° 1 d Q u ? ofSte P 2. obtained as described 

consumption of starling material. An aS o^ 

equivalent (equal to original amount) of TTPRD wasadcted ann tho • ? the 0r ' 9 ' nal amount) and 003 

The mixture was concentrated o a residue ?L rff h ,he ™ture sfirred at RT for one hour. 
10% hydrochloric acid. ^'SSTSS^rS?S 22 TT^' *"» tim6S With 

concentrated to a brown oil TheoilwasDass?d tlZ nh a d . . ed ° Ver ma 9"esium sulfate, and 

and the filtrates concentrated t T^Zl^TlT^S l ^ ( .T 9 25 ° /0 ether ' meth >" ene chloride > 
product of this step as yeliow grants m p 1 2 1 125 ^crystalhzed from hexane to give the title 

(e£hro e S^ 



Example 8 



g££j^ acid, ethy, ester 

(Type iAa substituents as for Compound No. 7) 

addition was complete, the reaction S sfirS at R? for 5 l^ T" * h 1 °° m ' ° f THR After the 
sodium sulfate solution was added oYoDw^e IS h ° Ur f ' 10-15 ml of saturated aq. 

MTBE and the solids ^re ^^ZZT^XS^m^ ^ miX,Ure W3S M "» 
pressure to give 18.2 g of crude title oroduct of thT^.™ f W3S eva P° rated ""der reduced 

prep-500 apparatus Ssing SjTSSi^ Si TTSEt? ? Ch ;™ ,0 9 ra P hin 9 0 " 3 Wa,ers 
m.p. = 140-143-. ^"'onoe as eiuate. to obtain the refined title product of this step, 
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Step 2. 4-(4-fluorophenyl)-2-isopropyl-5-phenylthiophenecarboxaldehyde 

To a solution of 1 .92 g of oxalyl chloride in 50 ml of methylene chloride at -78- was added dropwise a solution 
of 2.22 g of dimethylsulfoxide in 25 ml methylene chloride. After stirring at -78" for 10 minutes a solution of 4 0 
g of the title methanol product of Step 1, above, in 30 ml of methylene chloride was added dropwise The 
mixture was stirred at -78° for 1 hour. Then 2.5 g of triethylamine was added. The mixture was allowed to warm 
to R.T., then was poured into water. The organic phase was separated and the solvent was removed under 
reduced pressure. The residue was dissolved in MTBE and washed with water. The organic solution was dried 
and the solvent was removed under reduced pressure to give the title product of this step. A sample of which 
was triturated with pentane to give refined product. M.P. 116-120°. 

Step 3, 3-[4-(4-fluorophenyl)-2-isopropyl-5-phenythien-3-yl]-2-propenal (trans) 

To a solution of 2.4 g of cis-2-bromo-ethoxyethylene in 75 ml of THF at -78° , was added dropwise 2 0 g of 
t-butylhthium (2.2. m in pentane). After stirring at -78° for 2 hours, a solution of 3.5 g of the aldehyde product of 
Step 2, above, in 30 ml of THF was added dropwise. The reaction was stirred at -78° for 10 minutes then was 
quenched by the addition of saturated aq. ammonium chloride solution. The mixture was extracted once with 
MTBE and then once with methylene chloride. The organic solutions were combined, dried over anhyd 
magnesium sulfate and concentrated under reduced pressure to obtain a residue. The residue was dissolved 
in 100 ml of THF/water (90:10). p-toluenesulfonic acid (0.7 g) was added and then the mixture was stirred at 
room temperature for 1 hour. The reaction mixture was poured into 100/o aq. sodium bicarbonate solution and 
the organic material was extracted with MTBE. The solution was dried and the solvent removed under reduced 
pressure to give the title product of this step for use in the next step ( 4 ). An analytical sample was crystallized 
from hexane; m.p. 138-140°; 

Step 4, 7-[4-(4-fluorophenyl)-2-isopropyl-5-phenylthien-3-yl]-5-hydroxy-3-oxo-hept-6<noic acid, ethyl ester 

To a solution of 2.6 g of diisopropylamtne in 30 ml of THF at 0° was added 1 .67 g of n-butyllithium (1 16 m in 
hexane). Then a solution of 1 .7g of ethyl acetoacetate in 10 ml of THF was added dropwise. After stirring at 0" 
for 1 hour, the mixture was cooled to -20". then a solution of 3.3 g of the title product of Step 3, above in 20 ml 
of THF was added dropwise. The reaction was stirred at -20° for 1 hour. Then was quenched with saturated 
aqueous ammonium chloride solution. The mixture was extracted with MTBE and then methylene chloride and 
the organic solutions were combined and dried, and the solvent evaporated under reduced pressure to give 
the crude title product of this step as an oil. This was used without further purification in the next step (Step 5). 

Step 5, (E)-7-[4-(4-fluorophenyl)-2-isopropyl-5-phenylthien-3-yl]-3,5-dihydroxy-hept-6-enoic acid ethyl ester 

To a solution of 5.5 g of the title product of Step 4, above, in 100 ml of THF was added 12 ml of a 1 0 m 
solution of triethylborane in THF. After stirring at R.T. for 3 hours, the mixture was cooled to -78° then 450 mo 
of sodium borohydride was added. The mixture was stirred at -78° for 24 hours. The reaction was then 
quenched with saturated aq. ammonium chloride solution, and extracted twice with MTBE The extracts were 
combined and solvent was removed under reduced pressure to obtain a residue. The residue dissolved in 100 
ml o methanol. After stirring at R.T. for 24 hours, the solvent was removed under reduced pressure and the 
resulting residue was flash chromatographed using 10/ 0 methanol/methylene chloride to elute the product 
yielding the title product of this example. (HPLC indicated an erythro:threo mixture of 82 3 17 7 
Recrystallization of the product from cyclohexane increased the ratio to 88.3:11.7; m.p. = 123-125°. 

(E)-7-(4-phenyl-2-isopropyl-5-phenylthien-3-yl)-3.5-dihydroxy-hept-6-enoic acid, ethyl ester M P 105-6" 
46 (Compound No. 9) 

(Type lAa substituents as compound No. 8 except R 2 = phenyl). Obtain analogously to Examples 6,7 or 8 
Example 9 

50 

(Type lAa substituents as Compound No. 8 except Rio = Na) 

55 mE£E ° f ?k 2 m9 ,° f <; om P ound No 8 in 25 ml of ethanol was added 1 .0 ml of 1 .0 N NaOH. After stirring 
at 50 for 2 hours, the solvent was removed under reduced pressure. The residue was dissolved in water and 
the solution was washed with MTBE. The aqueous phase was separated and lyophilized to ve T rt 
product of this example. M.P. 247-250° (dec). 9 

Example 10 

60 Com P ou°n5st,%Td P 9 UndS * anal ° 9 ° us, y to Exam P |e 2 - 5 ° r * Tom the corresponding 

^1-227°); C^^^^ 

& Sodium^Y^(E)-7-[4-(4-fluorophenyl-2-isopropyl-5-phenyl-fur-^ (m . p . 221-229'); Com- 
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S^cgS^^ <" P- over 220". 

Example 11 

5 S ? aPPr °Tl e the ,0 " OWin9 Compounds ,Aa « Gained in 
least 4 1 f„ thTToK.: m ' SOpr °P y • " 9 ,s h y dr ogen and R 10 is ethyl (the erythro isomer dominating by at 



Compound 
Nos. 


R 2 


R 3 


M D° 


ete. oft 
Na-S^lt 


10 


14,15 


4-F-ph 


4-M#-ph 




215*20(4) 




16,17 


4-F-ph 






210-6(d) 


15 


18,19 


4-F-ph 


Id 




220-230(d) 




20,21 


4-f-ph 


4-MtO-ph 


97-9 


110-121 (d) 




22,23 


3-f-ph 


Ph 


103-4 




20 


24,25 


Ph 


nm 


oil 


204-7{d) 




26,27 


eh 


Ph 


oil 


230-5 




28,29 


2-F-ph 


Ph 


oil 


208-10 


25 


30,31 


cp 


Ph 


oil 


220-S(d) 




32,33 


4-tfeOph 


Ph 


oil 


211-6 




34,35 


3-cr a -ph 


Ph 


gua 


d 


30 


36,37 


4-ph-ph 


Ph 


61-4 


235(d) 





(Esters even numbers, sodium salts odd numbers) 

Adapting the procedure of Example 2. 5 or 9 to treat the ethyl esters of Example 11 above thP 
corresponding sodium salts thereof are accordingly obtained. P ' 

Example 12 

i SO ™2l , !? e B PrCOe K dl l, re ° f EXampl6S 1 to 9 ' ,he followina compounds IAa are obtained in which R, is 
.sopropyl and R 9 .s hydrogen, (the erythro isomer predominating about 4:1)- (in the table Et - etlUt 
cp - cyclopentyl. dm - -CH = C(CH 3 jTin¥VN = (E) -CH=CH- ^° 



Compound No. 

38 
39 
40 
41 
42 
43 



4-F-ph 
4-F-ph 
4-F-ph 
4-F-ph 
4-F-ph 
4-F-ph 



*10 



cp 
cp 
ph 
ph 
dm 
dm 



Et 
Na 
Et 
Na 
Et 
Na 



VN 
VN 
-(CH 2 ) 2 - 

-<CH 2 ) 2 - 
VN 
VN 



Starting materials for use in Examples 6 to 11 are prepared e.g. as follows: 
Preparation 1 

2-t-butyl-4-(4-fluorophenyl)-5-phenyl-3-furylcarboxylic acid, ethyl ester 

ste P 1 : a - Br O"io-a-(p-fluorophenyl)-acetophenone 

temperat " re - *o 20 9 (0.093 mol) of a-(p-fluorophenyl)-acetophenone in 200 ml of chloroform are 
added a few drops of a charge of 4.8 ml of bromine (0.93 mo.) (a deep orange-co.or resume 
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solution is heated to initiate reaction (the solution turns yellow), and then cooled to 0°C, and the balance of the 
4.8 ml of bromine is added dropwise. The reaction mixture is stirred at room temperature for about 16 hours. 

The orange solution is washed three times with saturated aqueous sodium bicarbonate, then once with 
brine (saturated aqueous sodium chloride), dried, and concentrated to an orange oil which partially 
crystallizes. 

The product is refined by recrystallization from ethanol yielding refined title product of this step as a white 
powder. 

ste P 2 • Ethyl 2-(<x-benzoyl-4-fluorobenzyl)-3-oxo-4,4-dimethylpentanoate 

Into a vessel, under a dry nitrogen atmosphere t .05g (26.3m mol) of sodium hydride (6Q0/0) in paraffin oil was 
washed twice with hexane, then suspended in 50 ml of dry THF. 4.3g (25.1m mol) of ethyl 
4,4-dimethyl-3-oxopentanoate was added dropwise at 0°C, the reaction mixture was stirred for 15 minutes 
(resulting in a clear solution). 7.0g (23.9m mol) of the bromo product of step 1 of this preparation in 20 ml of 
THF was added dropwise at 0 C C to the mixture in the flask. The resulting mixture was stirred at room 
15 temperature for about 21 hours. 

The mixture was then concentrated to obtain a residue. The residue was then taken up in ether washed 
twice with saturated aq. sodium bicarbonate solution and then once with brine, dried (over anhyd. magnesium 
sulfate) and concentrated to crude title product as a yellow oil, which was used directly in the next step (3). 

20 Step 3 : 2-tert-butyl-4-(4-fluorophenyl)-5-phenyl-3-fury1carboxylic acid, ethyl ester 

The crude product of step 2 of this preparation was dissolved in 100 ml. of toluene to which 9 ml (about 3 
equivalents) of BF3»0(C 2 Hs)2 was added and the mixture refluxed for 1 V 4 hours. The reaction mixture was 
then poured into 150 ml of sat. aq. sodium bicarbonate and extracted twice with 100 ml portions of ether The 
combined ether extracts were washed once with brine, dried (over anhyd. magnesium sulfate) and 

25 concentrated. The title product of this preparation (brown solid) was recrystallized from ethanol, MP. 93-94" . 

Preparation 2 

Repeating the procedure of preparation 1 but in step 2, using in place of the ethyl 4,4-dimethyl-3-oxo-penta- 
noate an approximately equivalent amount of ethyl 4-methyl-3-oxo-pentanoate there is accordingly obtained 
30 the 2-isopropyl analog of the product of that preparation (M.P. 69-70°). 

Preparation 3 

4-(4-Fluorophenyl)-2-isopropyl-5-pheny1-3-thiophenecarboxylic acid, ethyl ester 

35 

Step 1 : a-(4-Fluorophenyl)-(3-mercapto-benzene ethanol 

To a solution of 12.4g (0.1 mole) of benzyl mercaptan (ie, benzenemethanethiol) in 150 ml of THF at 0 C C 
under moisture-free conditions, was added, dropwise. 14g (0.22 mole) of n-butyllithium (1.6m in hexane) After 
stirnng at 0°C for 4 hours (orange precipitate forms), the mixture was cooled to -25°. To this mixture was 

w added a solution of 12.4g (0.1 mole) of p-fluorobenzaldehyde in 100 ml of THF, dropwise. After stirring at -25° C 
for 1 hour, a yellow solution occurs. The reaction was quenched with saturated aqueous ammonium chloride 
and the organic material was extracted once with MTBE and then once with methylene chloride. The organic 
solutions were combined and dried, and the solvent was removed under reduced pressure to give the title 
product of this step as an oil (80:20 mixture of isomers), which was used in the next step without any further 

45 purification. 7 

Step 2, 2-diethoxyphosphinyl-4-methyl-pent-3-enoic acid, ethyl ester 

A mixture of 22.4g (0.1 mole) of triethylphosphonoacetate. 40g (0.56 mole) of isobutyraldehyde 3 mi of 
acetic acid, and 0.6g of piperidine in 200 ml of benzene was refluxed in a Oean Stark apparatus for 48 hours 
The solvent was removed under reduced pressure and the resulting oil was distilled at 0.33 mm, b.p 1 10-120° 
(product is composed of an isomeric mixture ratio 85:15). 

Step 3, 2-(diethoxyphosphinyl)-3-^^ 
ethyl ester 

To a solution of 24.8g (0.1 mole) of the mercapto product of step 1, above, and 28.4g (0.1 mole) of the ester 
product of step 2, above, in 300 ml of THF was added 11 g (0.11 mole) of triethylamine. The mixture was then 
stirred at room temperature for 4 hours. Then the reaction mixture was poured into water and the orqanic 
material was extracted once with MTBE and once with methylene chloride. The organic solutions were 
combined and dried, and the solvent was removed under reduced pressure to give the title product of this 
step, as a oil (mixture of isomers). This was used in the next step (4) without further purification. 

Step 4, 2-(diethoxyphosphinyl)-3-[2-(4-fluorophenyl)-2-oxo-1 -phenylethylJ-thio-4-methyl-pentanoic acid, ethyl 
esier 

To a solution of 12.2g (0.096 mole) of oxalyl chloride in 1 litre of methylene chloride at -68* C was added 
dropw.se a solution of 15g (0.194 mole) of DMSO in 40 ml of methylene chloride. After stirring at -65° for 5 
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"SS, ^«^^2' 2 ^ a ^ 2 ^^*»"^ m ^««Wic acid, ethyl ester 

^tI !' e ?.'it f ' U - r0Ph ^ ) - 2 -: s °P ro Py | - 5 -Phenyl-3-thiophenecarboxylic acid, ethyl ester 
PREPARATION 4 

2-)s6propyl-5-(4-chlorophenyl)-4-(4-fluorophenyl)-3-thienylcarboxy1ic acid, ethyl ester 

Step 1 4-Fluoro-[bis-(methylthio)methylbenzene (may also be called 
a,a-di-(methylmercapto)p-fluorotoluene) 

eZTTl^tl^X ^ rob f"^ehyde and 100 g (3.12 mo., of methanethiol in 1200 ml of 
S^OfcieiJ 5 f£ tk ^ eqU ' PPed Wl,h 3 dry ice con denser was added, dropwise, 32.16 ml of 

f fP*E£SS£^ (may also be called 

1-(4-chlorophenyl)-2-(4-fluorophenyl,-2^-d l -( m ethylmercapto)ethanol) 

Suet ? ttl Ke P * ,ed over magnesium fi,tered - and c ° ncentrated * « nxsirss 

Purification by liquid chromatography (Waters Prep 500) gave the refined title product of this step as an oil. 

Step 3 a-(4-chlorophenyl)-a-hydroxy-4-fluoroacetophenone 

To a mixture of 27g (78 mmol) of the hydroxydithiolketal product of Ste D 2 above and 33 Rn m«? mm„h 
mercuric oxide (red) in 240 ml of BWo THF was added dropwise 40 ml of BF, .t^ H .i Si 5^ ' 

SKSKfa'sr™ p,ep 5oo) - *• °" "^SLm^fsss. sssssas 

Step 4 o-bromo-a-(4-chlorophenyl)-4-fluoroacetophenone 55 
27 ^^mmSlI 09 ^ 53 ° f ,he h y drox y ke,one P ro duct of Steps, above, in 300 ml of THF was added 
sSedlf^^^^ 



10 



15 



20 



25 



30 



35 



40 



45 



50 



65 



31 



0221 025 



Step 5 a-(4-fluorobenzoyl)-4-chlorobenzyl ester of ethanethioic acid (may also be called 
1-fluorobenzoyl-1-(4-chloropheny1)-methylthio acetate) 

To a stirred solution of 16g (49 mmol) of the bromoketone product of Step 4. above, in 150 ml of absolute 
ethanol was added 8.3g (73.5 mmol) of potassium thioacetate and the suspension was stirred at room 
temperature for about 16 hours. After removal of the solid by filtration, the solution was washed with water, 
dried over anhydrous magnesium sulfate, and evaporated to give crude title product of this step as an oil which 
was refined by chromatographing on silica gel using ethyl acetate-hexane (1:9); to yield: the refined title 
product of this step. 

Step 6 a-mercapto-a-(4-chlorophenyl)-methyl-4-fluoroacetophenone (may also be called 
1-(p-chlorophenyl)-1-(p-fluorobenzoyl)-methylmercaptan) 

A stirred solution of 9.0 g (31.07 mmol) of the thioacetate product of Step 5, above, in 100 ml of methanol 
was treated with 2.5 ml of concentrated hydrochloric acid at 0"C. The reaction mixture was heated at 60°C for 
18 hours and concentrated to obtain a residue. The residue was then dissolved in ether and washed with water 
and then brine. The ethereal solution was dried over anhyd. magnesium sulfate and evaporated to dryness to 
obtain crude title product of this step. Chromatographing the crude product on silica gel using ethyl 
acetate-hexane yielded the refined title product of this step. 

Step 7. 2-isopropyl-5-(4-chloropheny1)^(4-fluorophenyl)-2,5-dihydro-3-thiophenecarboxylic acid, ethyl ester. 

To a stirred solution of 1.73g (17.1 mmol) of diisopropylamine in 20 ml of dry THF under nitrogen at 0°C was 
added 11 ml (17.1 mmol) of n-butyllithium. After 15 minutes, 4.0g (14.2 mmol) of the mercaptoketone product 
of Step 6, above, was added dropwise, and the mixture was stirred at -78° for 30 minutes. 4.5g (14.2 mmol) of 
ethyl 2-diethoxyphosphinyl-4-methyl-pent-3-enoic acid, (product of Step 2 of Preparation 3, above) was 
added, and the mixture stirred for 2 hours at -78° The cooling bath was removed and the solution was allowed 
to warm to 0° and stirred for two more hours. The mixture was then poured into saturated aqueous ammonium 
chloride and extracted with ether. The extracts were washed with water, dried over anhydrous magnesium 
sulfate, filtered, and concentrated to give the crude title product of this step. The crude product was 
chromatographed on silica gel to yield the refined title product of this step. 

Step 8, 2-lsopropyl-5-(4-chlorophenyl)-4-(4-fluorophenyl)-3-thienylcarboxylic acid, ethyl ester 
Analogous to Preparation 3, Step 6. 

Preparation 5 

Adopting the procedure of Preparation 3, the following compounds are analogously obtained in which Ri is 
isopropyl and R i o is ethyl (in the table : ph = phenyl, Ch = cyclohexyl Cp - cyclopentyl and Me - methyl) : 



Prepara- 
tion No. 



R 



2 




5 



Ph 

3- f-ph 

Ch 

2- P-ph 

Cp 

4- H«Oph 

3- CF 3 -ph 

4- pH-ph 
4-P-ph 
4-F-ph 



ph 

ph 
ph 
ph 
ph 
ph 
ph 
ph 



6 



7 



8 



9 



10 



11 
12 
13 



4~M«0-ph 
4-H«-ph 



14 
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Prepara- 

tion No. R 2 R 3 



10 



15 4-P-ph ip 

16 Ph M« 

Characterizing Data 

T|ie following data characterizes various compounds identified above 
t - Sl.'t r6S m f ° r NMR rm in CDCl3 ™* ™ at 200 Hz: s = single, d = doublet 

chroSt^h; U ' t,P,e ^ q = ^ ° MS0 iS dim ^ »™ - high' pressurf 

Compound No. 10 

NMR (DMSO-de 40° C) & 

J2-~f5 £ 55* V£5 1 S; ™ (dd > 1H) ' 411 (m < 1H) - 366 < m - 1H >. 3.40 (m , n 2.12-1.75 (m , »> 

l.bO- 1.15 (m, 2H) t 1.32 (d t 6H), OH protons fail in with H 2 0. 
Compound No. 11 

•."SSI £-£ % 2H 7 y,£ sr* " * "* 38 K ** *• * «w - *« * «* 

Compound No. 12 
NMR (CD 3 OD ) 

3 - i (d ^ i!'?.;::-,::;. 2h) - 22 <m - 2h >- 39 < m - 1H >- 42 1H >- 54 «*. j = ™. «*. *> w 

Compound No. 13 
NMR (DMSO - d 6 ) 

7-7.4 (m, 10H), 6.2 (d, 1H), 5.38 (dd, 1H), 4.1 (m, 1H), 3.6 (m, 1H). 1.75 - 2.1 (m, 2H), 1.34 (d, 6H), 1-1-5 (m, 

Compound No. 15 
NMR (DMSO - d 6 ) 

S - 2 ft 8 2 H H, 6 ' 12 1H) ' 5 (dd ' 1H> 4 07 < m ' 1H) ' 3 57 (m ' 1H) ' 222 ' S 3H >' 1 75 - 21 ftn. 2H), 1.3 <d, 6H), 
Compound No. 17 

7.06 (m. 8H). 6.40 (d, 1H). 5.40 (dd. 1H). 4.02 (m, 1H), 3.52 (q. 1H), 2.42 (m, 2H), 1.56 (q, 2H). 1.42 (d. 6H). « 

Compound No. 19 
NMR (DMSO-de) 

45 

Compound No. 21 
(DMSO-de) 

ww^AT (d * 2HK 612 (d - 1H) - 532 (dd - 1H) - 406 ,m - H) - 37 ,s - 3H) - 17 - 2 - 1 < m - 2H >- 

50 

Compound No. 24 < 

iZV^\*J?£?:£ , (d ; (dd ' 1H) - 429 ,m> 1H,< 418 (a 2H) - 338 (m - 1HK 242 (dd - 2H >- 

Compound No. 25 55 

1R (CHCI 3 ): 3505, 1720, 1195 cm- 
NMR (CDC! 3 ): (Major isomer): 

W VhT 5 2 H 72^m im 255 5 rd° 2m 4 f7 r 'it 'fJ"' 1Hh 416 2H) < 377 «• 1H >« *» 1H ). 3 -24 

la, inj, ^2 (m, 1H), 2.55 (d. 2H). 2.1 - 1.7 (m, 2H), 1.63 (m, 10H), 1.31 (d, 6H), 1.30 (t, 3H). a 

Compound No. 26 

IR (CHCI3): 3505, 1720. 1195 cm - 1 ; 
NMR: (major isomer): 

7.42 (m. 5H), 6.65 (dd, 1H). 5.70 (dd. 1H). 4.61 (m, 1H), 4.37 (m, 1H), 4.16 (q, 2H), 3.77 (d. 1H), 3.36 (m. 1H). 3.24 65 



20 



25 



30 



35 



33 
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(d, 1H), 272 (m, 1H), 2.55 (d, 2H), 2.1 - 17 (m, 2H), 1.63 (m, 10H). 1.31 (d, 6H) 1 30 (t 3H) 
HPLC erythro : threo = 89.2 : 10.8 * ' 

Compound No. 27 
5 NMR (DMSO-de) 

7.48 - 7.25 (m, 5H), 6.48 (d, 1H), 5.63 (dd, 1H), 4.31 (m, 1H), 378 (m, 1H), 3.30 (m, 1H), 2.66 (m 1H) 1 75 - 1 39 
(m, 12H), 1.21 (d. 6H), 1.04 (m. 2H), OH protons fall in with H 2 0. 

Compound No. 28 
10 IR (Neat); 34237 (broad), 2965 (s) 1728.4 (s). 
1201 (broad) (cm- 1 ); 
NMR (CDCI3): 

7.20 - 6.98 (m, 9H), 6.33 (d, 1H), 5.28 (g, 1H) 4.30 (m, 1H), 4.16 (m, 3H), 3.62 (s, 1H), 3.42 (m 2H) 2 91 (s 1H) 

2.39 (dd, 2H), 1.34 (m, 6H), 1.28 (m, 3H); ' 
15 HPLC : 84 : 16 (erythro : threo). 

Compound No. 30 

7.42 - 7.26 (m f 5). 6.58 (d,1H), 5.72 (dd, 1H), 4.68 (m,1H), 4.45 (m, 1H), 4.18 (q,2H), 3.77 (d 1H OH) 3 43(m 
1H), 3.27 (d, 1H. OH), 2.53 (d. 2H), 1.89-1.48 (m, 11 H), 1.30 (d, 6H), 1.29 (t, 3H), < UM >' 3 ^< m ' 

20 

Compound No. 31 
NMR (DMSO-de) 

7.47 - 7.26 (m, 5H), 6.42 (d. 1H), 5.68 (dd. 1H). 5.1 1 (d. 1H), 4.30 (m, 1H), 3.80 (m, 1 H), 3.38 (m, 1H) 3 1 1 (m 1H) 
2.16-1.80 (m, 2H). 1.80-1.33 (m, 10H), 1.23 (d, 6H), other OH falls in with H 2 0. ' 

25 

Compound No. 32 
IR (Neat) : 3413.1 (broad), 1728.4 (s) 1245 (s). 2965 (s) 

NMR (Neat): 7.24 (s, 1H), 7.08 (t, 6H) f 6.80 (d, 2H), 6.30 (d, 1H), 5.40 (m, 1H). 4.36 (m, 1H) 4.18 (m 3H) 3 89 
(s, 3H), 3.62 (s, 1H), 3.46 (m, 2H), 2.82 (s, 1H), 2.44 (d, 2H), 1.62 (s, 1H), 1.34 (d, 6H), 1.28 (t,3H) " 

30 

Compound No. 33 

7.12 (m, 10H), 6.24 (d, 1H), 5.29 (m, 1H), 4.08 (m, 1H), 3.80 (s, 3H), 3.46 (m, 1H), 2.44 (d, 2H), 1.58 (m, 2H), 

1.40 (d, 6H). 

35 Compound No. 34 

, 7 -2L" 7 ;°oV m ' 9H) ' 6 36 (d ' 1H) ' 5 29 (dd ' tH) ' 4 37 (m ' 1H >' 4 36 2H >' 3 47 < m ' 1H ). 2.43 (d, 2H), 1.65-1.30 
(m, 2H), 1.37 (d, 6H), 1.25 (t, 3H), OH protons not clear. 

Compound No. 35 
40 NMR (DMSO-de) 

7 70 - 7.00 (m, 9H). 6.22 (d, 1H), 5.35 (dd, 1H), 4.11 (m, 1H), 3.58 (m, 1H), 3.45 (m, 1H), 2.09 - 1.70 (m, 2H), 1 50 
-1.10 (m, 2H), 1.32 (d, 6H), OH protons fall in with H 2 0. 

Compound No. 37 
45 NMR (DMSO-de) 

7.75-7.03 (m, 14H), 6.21 (d, 1H), 5.44 (dd, 1H), 4.11 (m, 1H). 3.68 (m, 1H). 3.50 (m. 1H), 2.10 - 1 73 (m 2H) 
1.56- 1.13 (m,2H). 1.34 (d.6H), OH protons fall in with H 2 0. ,? ' h 

Compound No. 38 
50 Melting point 97-98° C. 

Compound No. 39 

7.08 (m, 4H), 6.23 (d. 1H), 5.18 (dd, 1H), 4.14 (m, 1H), 370 (m, 1H), 2.42 (d, 2H), 1.60 (m, 10H), 1,36 (d, 6H). 
55 Compound No. 40 

4H), 1.37 (d, 6H), 1.23 (t, 3H), OH protons not seen. 

Compound No. 41 
50 NMR (DMSO-de) 

f"' ~V ^ (m ' 1H) ' 3 30 (m ' 1HK 3 28 (m < 1H) ' 2 31 < m « 2H >. 19 0 - 1 * (m, 2H), 1.23 (d, 6H) 
1.22 - 0.95 (m, 2H), OH protons fall In with H 2 0. i«. 

65 
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Compound No. 42 
Melting point 146-148° C. 



Compound No. 43 

6.95 (m. 5H). 6.38 (d. 1H). 5.22 (dd. 7H). 4.10 (m. 1H) , 3.46 (m, 1H), 2.40 (d. 2H). 1.60 (m. 2H,, 1.40 (dd. 12H,. 



Claims 

1 . Compounds of formula I 



Rc Rb 



Rd \ v / Ra 



Y 

wherein 

Ra is a group -X-2. Rb is R 2 . Rc is R 3 , Rd is R 4 and Y is a group -N- or 

I 

R, 

RaisRi,Rbisagroup-X-2,RcisR 2 .RdisR 3 andYisO,Soragroup -N- • 

K 

or'a ring 03 ' "* * independ8nt ^ are C "*W staining an asymmetric carbon atom, C^cycloaJkyl 




or in the case of R 3 and R 4 additionally hydrogen, orfor R 3 when Y is O orS 
*17 



I? 

-CH-CH 2 -C-CH 2 -COOH II 
°H OH 



wherein R 9 is hydrogen or Ci-3alkyl, 



35 



0 221 025 



75 



25 



or in the case of R3 additionally hydrogen, 
10 each R 5 is independently hydrogen, Ci-salkyl, n-butyl. i-butyl. t-butyl. Ci-3alkoxy, n-butoxy, i-butoxy. 

trifluoromethyl, fluoro, chloro, phenyl, phenoxy or benzyloxy," each R$ is independently hydrogen, 
Cioaikyl, Ci.3alkoxy, trifluoromethyl, fluoro, chloro, phenoxy or benzyloxy, and each R? is independently 
hydrogen, Ci-2alkyl, Ci-2alkoxy, fluoro or chloro with the proviso that there may only be one each of 
trifluoromethyl. phenoxy, or benzyloxy in each Ring B present. X is (E) CH = CH or -CH2-CH2- and 

Z is -CH-CH,-CH-CH,-CdOR, ft or 
I I 10 

OH OH /CH 2X 

20 CH 

I I H 

0 CH, 



whereby R10 is hydrogen, a physiologically acceptable ester group or a pharmaceutical^ acceptable 
cation. 

3. Compounds according to Claim 1 wherein 

30 Ra is -X-Z, Rb is R 2 , Rc is R 3 , Rd is R4 and Y is -N- - and those wherein Ra is Ri, Rb is -X-Z, Rc is R 2l Rd 

1 

is R3 and Y is -N- whereby Ri , R z , R 3 and R 4 independently are Ci -ealkyl not containing an asymmetric 

35 R 4 

carbon atom, C3-7cycloalkyl or a Ring C 

R 7 

45 or in the case of R3 and R4 additionally hydrogen, each R 5 is independently hydrogen, Ci-aalkyl, n-butyl, 

ibutyl, t-butyl, Ct-3alkoxy, n-butoxy t i-butoxy, trifluoromethyl, fluoro, chloro, bromo, phenyl, phenoxy or 
benzyloxy, each R 6 is independently hydrogen, Ci-3alkyl, Ci- 3 alkoxy, trifluoromethyl, fluoro, chloro. 
phenoxy or benzyloxy, and each R7 is independently hydrogen, C1 ^alkyt, Ci -2alkoxy, fluoro or chloro, 
with the proviso that there may only be one each of trifluoromethyl, phenoxy or benzyloxy in each Ring C 

50 present, 

X is (CH 2 )m. -CH = CH-, CH » CH-CH2 or CH 2 CH - CH and 2 is 



55 



60 
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ff 

-CH-CH--C-CH.-COOR. n 
OH OH 



or y CHx 

/ N /OH 

-ch c; 



O ,CH 2 9 w 



X^^X^*^ m6 R1 ° is hydr09en - a physio, ° 9icaIly acceptab,e ester or a ' 5 

griSSlSJS SSff/Si 1 ^ ^ SUbStitUentS " 35 d6fined hereinbe,0re in COmpound 
l^pyJ^Xp^^ » 

propyl-thien-3-yl]-3,5-dihydroxy-hept-6-enoate. 

7 A pharmaceutical composition comprising a compound according to Claim 1 as appropriate in free • 25 
SSJZ^-T 0m Vlf Phyf^i^'y-hydrolysable and -acceptable ester or a lactone thereof o in 
pharmaceutical* acceptable salt form, together with a pharmaceutical^ acceptable diluent or carrier 

8. A compound according to Claim as appropriate in free acid form or in the form of a 

SfS' 081 ^' 0 ^ 16 "* acce P* ab,e ester or a lactone thereof or in pharmaceutically acceptable 
salt form for use as a pharmaceutical. K 

nhL^TT.? f c< ?: din 9 to aaim 1 38 appropriate in free acid form or in the form of a 
gK^calWroVsabte and -acceptable ester or a lactone thereof or in pharmaceutically acceptable 
salt form for use as a hypolipoproteinemic or anti-atherosclerotic agent. 
10. A process for preparing a compound according to Claim 1 which comprises 
a) when Rg is hydrogen reducing a compound of formula VIII 



Q-X-CH-CH.-C-CH.-COOR, . 

» 2 „ 2 12 VIII 

OH 0 

wherein R, 2 is a radical forming an ester substantially inert to the reaction conditions 
and X is as defined above, 
b) when R 9 is Ci-aalkyl hydrolysing a compound of formula XVI 



35 



40 



Q-X-CH-CH - C - CH.-COOR,, 45 
I 

c=o 
I 

R 13 so 

wherein R 9 is Ci-3alkyl, R 13 is part of an ester forming group 
and X and R 1 2 are as defined above, 

^ when X is -(CH 2 ) 2 -. -(CH 2 ) 3 -, -CH = CH- or -CH 2 CH = CH-deprotecting a compound of formula 55 
H '- JDPro 

XXVII 

60 

Q-X' 

wherein X" represents -(CH 2 ) 2 -. -(CH 2 ) 3 , -CH = CH- or -CH 2 CH - CH- gj 
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and Pro is a protecting group, 
d) when X is -{CH 2 ) 2 -, -(CH2) 3 -, or -(CH 2 )qCH » CH(CH 2 ) q -deprotecting a compound of formula XI 



wherein X - ' is -(CH 2 ) 2 -, -(CH 2 ) 3 - or -(CH 2 ) q -CH = CH-(CH 2 )q-. 
and q, R 9 , Ri 2 and Pro are as defined above, 

e) hydrolysing a compound of formula I in the form of an ester or a lactone, 

f ) esterifying or lactonising a compound of formula I in free acid form, or . 

g) esterifying a compound of formula I in lactone form, and when a free carboxyl group is present, 
recovering the compound obtained in free acid form or in the form of a salt. 

1 1 . A process for preparing a compound according to Claim 1 which comprises hydrolysing a compound 
of formula I in ester or lactone form or esterifying or lactonising a compound of formula I in free acid form 
or esterifying a compound of formula I inlactone form and when a free -carboxyl group is present 
recovering the compound obtained in free acid form or in the form of a salt. 



12. A compound of formulae VIII, XVI, XIX, XX, XXII, LXXIIa, XXIV, XXVII, XXVIIa, XXIX, XLV-XLVII L-LII 
LVIII, LX. LXI1I. LXIV. 




XXII 



OPro 



OPro 
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